® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



iiiiiiiilil 

© Publication number: 0 209 397 B1 



® 



EUROPEAN PATENT SPECIFICATION 



@ Date of publication of patent specification: 07.07.93 ® Int. CI G08G 5/06 
@ Application number: 86305564.6 
@ Date of filing: 18.07.86 



0 Airport surveillance systems. 



® Priority: ia07.85 ES 545350 
31.1^85 ES 550603 

® Date of publication of application: 
21.01.87 Bulletin 87/04 

© Publication of the grant of the patent: 
07.07.93 Bulletin 93/27 

® Designated Contracting States: 

AT BE OH DE FR GB IT LI LU NL SE 

@ References cited: 
EP-A- 0117 162 
GB-A- 2 106 385 
US-A- 3 063 502 
US-A- 3 706 969 
US-A- 4 122 522 



ffi 

CO 

o 

CM 



UJ 



® Proprietor: GENERAL DE INVESTIGACION Y 
OESARROLLO, S.A. 
Serrano, 41 
Madrid(ES) 

@ Inventor: Zabala Murga, Maria Victoria 
General Pardlnas, 13 
Madrid(ES) 



® Representative: Adams, William Gordon et al 
RAWORTH, MOSS & COOK 36 Sydenham 
Road 

Croydon Surrey CRO 2EF (GB) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 

13.10/3.6/3.3. 1) 



1 



EP 0 209 397 B1 



2 



Description 

The present invention relates to an automatic 
surveillance, guidance and fire-ftghting system or 
installation, and concerns a system or installation 
whose primary purpose is to prevent accidents 
and. in the event that they do occur due for exam- 
ple to aircraft fault or pilot error, to bring about the 
extinction of any fires which occur, in the shortest 
possible time, by means of the functional integra- 
tion of surface telemetry and automated fire-fight- 
ing. 

In the same way that other airport systems 
were designed and implemented in their time, (such 
as VASIS. ILS, CALVERT, etc.), all of which sat- 
isfactorily met the established requirements for 
achieving air safety, so also the present, newly 
designed system (RUSTEM), meets other require- 
ments in the same field, but within the airport 
precincts. 

In order to explain what the system comprises 
as well as the grounds which justify it, it is useful to 
set out the current state of affairs and accordingly 
introduce the necessary conceptual innovation in 
specific important aspects, being those which epit- 
omize the characteristics of RUSTEM ("Runway 
Security and Taxiway Escort System"). 

In effect, wherever there is an aircraft in opera- 
tion, the concept of air safety and the necessary 
means of attaining this must be present, whether 
the aircraft is in the air or on the ground. Thus the 
concept of air safety covers the whole range of air- 
air, air-ground, ground-ground and ground-air cir- 
cumstances. 

Likewise, if this approach is not taken, a gap in 
safety will occur in this relationship which may 
result in an accident, whilst the aircraft is in opera- 
tion in any of the four circumstances mentioned 
above, transporting people, goods and fuel. 

It is well-known in the air industry that from 
time to time serious accidents occur, although their 
prevention, and where necessary fire-fighting oper- 
ations, have been a priority effort of the aeronau- 
tical profession. The present system is part of this 
effort, though in this instance it is related to the 
airport environment, that is the ground-ground situ- 
ation. 

In this context it is appropriate to recall the 
accident which occurred in 1983 at the airport of 
Barajas (Madrid), in which two aircraft collided on 
the ground. On this occasion, one aircraft was on 
its take-off run, whilst the other aircraft in taxiing 
and trying to head for the start of the runway to 
take-off in its turn, took a wrong turning and moving 
across a fast exit slipped into the middle of the 
flight path, where the collision occurred. 

At this time the airport was not under mini- 
mums, but visibility was poor so that the aircraft 



which was taking off did not see the intruding 
aircraft, neither did the latter see the aircraft taking 
off, nor did the tower at that time see either of the 
aircraft, all due to the length of the runways. This 

5 occurs in certain circumstances where the airport is 
operative but there is not clear visibility over the 
full distances. 

These situations, and many others, indicate 
conditions of a lack of air safety which require 

10 analysis and a complete solution of the problems 
to which they give rise. 

Furthermore, an aircraft in flight is not close to 
the ground, whilst in take-offs, landings and taxiing, 
it is in contact with it and therefore is in a higher 

;5 risk situation, in which safety conditions must be 
maximized. 

Since it is possible to set up ground installa- 
tions in airports which could not be set up through- 
out a country, and since aircraft must operate in 

20 airports, it is clearly desirable to provide a safety 
system on runways and taxiways capable of guar- 
anteeing this safety. The RUSTEM system is in- 
tended to meet this requirement. 

Also, the increase in modern air traffic, which 

25 leads at times to saturation in the number of oper- 
ations per hour on an operative runway, has led to 
an increase in the risk of accidents, taking into 
account the poor visibility conditions which often 
occur. This expansion in traffic makes a built-in 

30 airport safety system increasingly urgent and nec- 
essary, as the accidents in different airports of the 
world confirm. The same problem occurs in military 
air bases, where there is the additional problem 
that combat aircraft may enter the base in emer- 

35 gency conditions, for which reason telemetric moni- 
toring and automated fire-fighting thus become 
necessary. The RUSTEM system can be applied to 
both civil and military airport ground situations. 
Two damaging effects occur in an accident: 

40 ruptures and fire. 

In accidents en route, the most important factor 
is usually ruptures, whilst generally in airport ac- 
cidents fire is the cause of the greatest damage. 
This is due to the different velocity of the 

45 aircraft en route and in the airport, so that the 
dynamic impact is usually much greater in an 
accident in the air. 

On the other hand, once an accident has taken 
place in an airport, it is obvious that there is not the 

50 least remedy in the case of ruptures, causing dam- 
age to the aircraft and the passengers. However, 
the fire factor develops according to a specific 
process, and, fire being the determining factor in 
causing the greatest damage in airport accidents, it 

55 may be combatted because it is a process, pro- 
vided of course that there are the necessary means 
for this, both in extinguishing capacity and in speed 
of activation, since without the latter condition the 
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fire itself will put paid to the matter. 

From what has been said it emerges that the 
sole means of combatting the rupture factor is by 
avoiding the accident, as far as possible in the 
airport, within the present margin of possible air- 
craft faults or pilot error, for which reason preven- 
tion in this case lies in the area of telemetric 
monitoring, guidance and signalling on the ground. 
If, despite the measures taken, an accident occurs 
due to the aircraft or the pilot, the airport infrastruc- 
ture must then have available an automatic fire- 
fighting system for eliminating fires extremely rap- 
idly, since fire is generally the most damaging 
factor in airport accidents. 

The research carried out in the quest for an 
efficient airport system which will meet these re- 
quirements, emphasized the necessity for integrat- 
ing the surveillance and fire-fighting functions into 
one single system. 

In fact, given the great speed required in fire- 
fighting, this had to be of an automatic nature. 
Since an aircraft which has had an accident may 
become immobilized (or its hot sections) at any 
point of the surface in question, it was obviously 
necessary to have available the x,y coordinates of 
the aircraft or its sections. Hence it was necessary 
to integrate telemetric surveillance with automated 
fire-fighting. Furthermore, if surface telemetry pro- 
vides the X, y position of a damaged aircraft, or of 
its sections in the case of it being ruptured, this 
surface telemetry could also be used to obtain the 
position of normal aircraft, that is not in a state of 
emergency, in normal operation. 

With this, the conclusion was reached that a 
telemetric method had to be used in our system, 
both for the monitoring of normal aircraft and for 
establishing emergencies according to the various 
forms and circumstances in which these could oc- 
cur in each instance, as for example fuel which has 
leaked and is on fire. As aforementioned, the fire- 
fighting method has to be automatic due to the 
great speed demanded, since it is not just dealing 
with a simple fire, but with an aircraft carrying 
people, and loaded with highly inflammable fuel. 
Hence the designer's thinking has to be governed 
by the time-scale, taking the second as the unit. 

Nevertheless, it is essential to point out that, 
regarding air traffic, two very different areas or 
environments must be considered in airports: on 
the one hand the flight strips (which contain the 
flight runways, one runway for each strip), and on 
the other hand the taxiways in their entirety, and 
the aircraft parking areas. 

The vast majority of airport accidents occur in 
the first mentioned area, where aircraft are running 
at great speed. In the second area, in the taxiways. 
aircraft are travelling slowly in procession and able 
to brake quickly where necessary, as is the case in 



the parking areas. 

This qualitative and quantitative distinction is 
taken into account in the present system, supplying 
the appropriate solution for the characteristics of 

5 each of the indicated environments. 

As will be seen, the current situation is an- 
alysed and, as a result of the limitations of tanker 
trucks (as currently used in fire-fighting), as well as 
the limitations of surface radar (as used in surveil- 

70 lance in some airports), research into a new sys- 
tem which could completely solve these limitations, 
gave rise to the RUSTEM system, in which surveil- 
lance and fire-fighting are functionally integrated in 
a single operational system, constituting an innova- 

/5 tion In the airport field. 

An automatic aircraft taxi route selecting and 
traffic control system is disclosed in US 3706969, 
and may use an array of infrared sensors to detect 
position and/or movement of aircraft. However the 

20 system appears to be dedicated to such a function 
insofar as the sensors are all located adjacent 
runway and taxiway Intersections and in areas be- 
tween the Intersections there seems to be no sur- 
veillance. 

25 Furthermore EP 0117162 discloses an infra-red 

sun/eillance system for detecting fires in a forest, 
in which each of an array of sensors is scanned 
over a field of view; however in this case there 
appears to be no provision for tracking a moving 
30 heat source as it moves past the sensors. 

In the present system, which is set out in the 
appended claims, an array of thermal sensors un- 
der computer control is provided which is adapted 
to provide both the function of tracking a moving 
35 aircraft as it passes the sensors and the function 
wherein each sensor scans its locality so that the 
position of any heat source within a locality may be 
determined from the outputs of adjacent detectors. 
Thus the present invention has the advantage that 
40 a single sensor array may be operated and used in 
two ways for two different and necessary purposes. 

In broad outline, which will be explained in 
greater detail In the following pages, and taking into 
account the fact that statistically airport accidents 
45 occur on the flight strips in the vast majority of 
cases, a RUSTEM system can include the follow- 
ing elements: 

a) Two parallel, buried lines of hydrants, one on 
each side of the runway. These lines, being a 
50 fixed system, extend beyond both thresholds at 
the heads of the runways. The hydrants only 
emerge in case of accidents, and have eleva- 
tion, rotation and to-and-fro movement. So that 
when their valve is triggered they can take care 
55 of any accident occurring within the flight strip 
as rapidly as possible. The automatic action of 
the hydrants is computer-controlled. The pipes 
feeding them are kept filled constantly. Thus. 
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activation of the system from the airport tower 
leads to their entry into operation in a matter of 
a few seconds. 

b) As far as surveillance is concerned, there are 
two different zones as described earlier. The 5 
main surveillance is over the flight strips with 
additional surveillance over the taxiways and 
parking areas, by means of aircraft control and 
guidance. 

b.1) Two parallel lines of infra-red. telemetric io 
sensors are installed along the flight strips, 
capable not only of tracking the trajectory of 
the aircraft, but also of detecting heat sources 
in case of emergency, feeding this data to 
the automatic fire-fighting operations. Simi- is 
larly. several anemometers obtain wind data. 
The whole flight strip is in the form of a 
rectangle, and the aforementioned telemetric 
sensors are located along the longest sides 
of this rectangle, monitoring the strip. 20 
b.2) In the taxiways and parking areas the 
interest is in the aircraft control and guidance 
system, according to OACI SMGC require- 
ments, simultaneously maintaining and moni- 
toring minimum separation between aircraft. 25 
Thus continuous detectors are installed, as 
well as directional beacons along the axis, 
and. where necessary, directional beacons 
along the edges, and some airport traffic 
lights. Both the detectors and traffic lights are 30 
interconnected with a computer which pro- 
cesses taxiing and parking throughout the 
airport, 

b.3) Aircraft movements in the taxiways and 
parking areas are automatically guided, each 35 
aircraft having in front of it a specific number 
of lit axial beacons, according to the aircraft's 
route. The number of beacons is always 
fixed, about 100 metres apart. Thus, as the 
aircraft moves forward it is detected by the 40 
taxiing beacons, which send signals to the 
computer, and the latter lights up new axial 
beacons in front of the aircraft according to 
the route it has to take, and switches off the 
beacons which the aircraft has left behind. 45 
The computer establishes rights of way at 
crossroads, where the aircraft which has to 
wait will see its axial beacons flashing on and 
off and the crossroad traffic light on red. 
Once the first aircraft having right of way has 50 
passed across the crossroad, the second air- 
craft which had to wait will have its axial 
beacons lit continuously to enable it to con- 
tinue on its way. 

Any intermittence in the guidance bea- 55 
cons signals the pilot to brake. 

The aforementioned taxiing detectors are 
neutral and without electrical current through- 



out the airport, with the exception of those 
corresponding to the sensing of each aircraft. 
These detectors only pick up the aircraft, but 
purposely do not pick up other objects such 
as service vehicles or people. Hence cars or 
people, purposely not being picked up. do 
not distort the detection signals which cor- 
respond only to aircraft, and therefore the 
computer continuously guides each aircraft 
from an initial point to a final point, according 
to a route which has been laid out by the 
control tower. The activated detectors go on 
activating others in the direction of travel of 
the aircraft, picking it up and deactivating the 
previous detectors along the aircraft's tax- 
iway. 

c) A set of elements is installed in the airport 
tower, which amongst others consist of the fol- 
lowing: 

C.1) A main panel on which the runway com- 
puter displays the aircraft's reference both in 
its flight path and as it comes to a halt. In the 
event of an emergency, this computer on the 
one hand produces several alarms and on the 
other hand draws some emergency circles 
corresponding to a damaged aircraft, or its 
hot sections and fire sources. In the event of 
aircraft collision the same thing happens. 
Similarly, in the event that an intruding air- 
craft penetrates into the rectangular area of 
the air-strip, the alarm is automatically ac- 
tivated. 

Likewise, the computer which controls 
taxiing also displays the position of the iden- 
tification references corresponding to the air- 
craft situated in the taxiways and parking 
areas. In the event that an aircraft goes below 
its minimum distance on the taxiway with 
respect to the aircraft preceding it or takes a 
wrong route, an alarm is also provided, and at 
the same time the reference on the panel 
relating to the offending aircraft blinks inter- 
mittently. 

C.2) A control console from which the whole 
system is controlled, both for surveillance 
and guidance as well as for fire-fighting, with 
simple and extremely sparing operations for 
the controllers, since the system's data pro- 
cessor carries out the work. 

Similarly, the taxiway traffic lights are 
automatically activated, the internal routes for 
taxiing being indicated "in situ", and acti- 
vated locally for each aircraft, according to 
whether it is on its landing run, or "en route" 
from the parking area to the runway and the 
head of its take-off exit; also indicated are the 
routes from the runway to the parking area, 
taking into account the corresponding runway 
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head. In addition, routes fronn the parking 
area to the hangars and vice versa are 
shown; or from hangars to runway, and vice 
versa. 

C.3) Computers and automatic connections, 
d) Lastly, there is the installation of piping, for 
water and extinguishing substances, their stor- 
age tanks, pumps, dispensers, drums, auto- 
protection devices, connections, and other ap- 
propriate and necessary elements for the hy- 
drant system. Also the general piping for the 
supply of the hydrants from one and the same 
line may be unique, the dispensing then being 
carried out at the start of the general piping. 
Also there is a power plant with electrical con- 
nection to the airport's supply network, and from 
this plant the various elements of the RUSTEM 
system are supplied, tt is taken for granted that 
the whole airport has to have general emer- 
gency generating units. Furthermore, the system 
is adaptable to any civil airport or air base. And 
in the event that once installed it is decided to 
increase the length of a runway, the lines of 
hydrants and telemetric sensors of this flight 
lane can be extended, so that the previous in- 
stallation remains operative and valid. 
Statistically, 99% of airport accidents, including 
situations where aircraft have previously announced 
their emergency status, occur within flight lanes. 
Therefore it is both logical and necessary for auto- 
matic hydrants to be installed within the said lanes, 
hydrants which due to their range and their three 
degrees of freedom, are capable of covering any 
emergency, being able to act both in treating the 
whole runway, as well as on specific points on the 
damaged aircraft, colliding aircraft, or their dis- 
persed sections, eliminating heat sources, acting 
globally and simultaneously on alt of them. 

The hydrants referred to are always without 
pressure and without electrical current. Thus, there 
is double protection against their being activated 
spontaneously. That is to say. if and only if. the 
tower activates the fire-fighting system, do the tele- 
metric sensors along the flight lane send the posi- 
tion and extent of the heat sources to the com- 
puter, and the anemometers send the wind force 
and direction; with this data the computer system 
rapidly calculates the fire-fighting parameters, i.e. 
selects the specific hydrants which will be activated 
and supplies them with the operating parameters 
corresponding to each of them, and it is then that 
the selected hydrants enter into operation, in a very 
few seconds, launching a large discharge of extin- 
guishing fluid and rapidly suppressing the heat 
sources. 

While there is an aircraft in motion within the 
flight lane, whether in normal or emergency status, 
the system is locked and cannot operate. The fire- 



fighting operation only occurs with a motionless 
aircraft. 

However, the hydrants can prepare the runway 
on the announcement of a damaged aircraft ap- 

5 preaching the airport. 

Lastly, it was evident that an installation in 
accordance with the invention allows the possibility 
that the analogue type signals originating from the 
surface radar installed in an airport may be pro- 

w cessed by the computer equipment of the said 
installation and incorporated as an additional ele- 
ment with regard to airport safety. The surface 
radar would act as one more sensor for the installa- 
tion, its signals being used as additional data for 

75 the overall safety system. To this end, the afore- 
mentioned installation can be improved in the fol- 
lowing manner: j) for airports operating in very low 
visibilities, some flight lane sensors, in addition to 
infra-red sensing, incorporate an emitter and detec- 

20 tor of electro-magnetic pulses, or an ultrasonic ac- 
tive element, capable of detecting objects within 
the flight lane relating to aircraft or vehicles; k) for 
airports with normal or average visibility, the stan- 
dard sensors not only pick up the aircraft located in 

25 the flight lane, but also vehicles penetrating it; I) 
there Is the option of installing an interface capable 
of processing the signals originating from the sur- 
face radar which has been installed in an airport, 
and introducing such signals into the computer 

30 controlling the surveillance, and with this data mak- 
ing an addition to the functions of the system; m) 
there is the option that the installation's taxiing 
detectors may be generally activated simultaneous- 
ly, and the sensing of aircraft and other objects 

35 may be carried out simultaneously, in this case 
means can be incorporated for discriminating air- 
craft from other objects, and maintaining the logical 
sequence in the guidance of each aircraft in the 
zone of movement and parking of aircraft; and n) 

40 there is the option that the piping and pressure 
storage tanks for water and extinguishing agents 
for the flight lane are divided up into independent 
modules, and their discharge is attained by means 
of the pressure of a compressed gas connected by 

45 regulating valves to the water and extinguishing 
agent storage tanks. 

The invention will now be described by way of 
example with reference to the accompanying draw- 
ings, in which:- 

50 Figure (1) is a representation of a "standard 
protected zone" (SPZ), i.e. a flight lane fitted 
with automated hydrants and telemetric sensors 
(ST) for surveillance, able to be integrated with 
automatic fire-fighting in emergencies. The hy- 

55 drants can both treat the complete runway be- 
fore the arrival of an aircraft arriving in an emer- 
gency situation, and also act in precision fire- 
fighting, either on one or more aircraft, or on 



5 



I 

E 

9 EP 0 209 397 B1 10 



their hot sections and other burning surfaces 
caused by the accident. 

Figure (2) illustrates the protection of two or 
more crossing runways and their corresponding 
flight lanes (SPZ). 

Figure (3) shows diagrammatically the three de- 
grees of freedom of an extinguishing unit 
(hydrant), according to its three perpendicular 
projections. 

The dispensing of the extinguishing fluid may 
be carried out at the foot of the hydrant, or at the 
start of the supply pipe (in which case it could be 



single). 




References in this figure include: 
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Rgure (4) graphically demonstrates the parallax 
error produced by standard surface radars. In the 
figure it is seen that as MA = MP; and RA = RA\ so 
that OA = OA', and P does not coincide with A'. 
This distorts the x, y coordinates of the object 
when the runway has inclines. 

Figure (5) represents a plan (P) and elevation 
(E) of a flight lane in which the variation in slope of 
the runway axis is seen. Also the position of the 
telemetric sensors is shown (not to scale), forming 
successive rectangles or squares along the whole 
length of the flight lane, the successive rectangles 
thus being adapted both to the slopes and to the 
changes in gradient allowed by the OACI standard. 

Rgure (6) is an illustration of the detection 
procedure while tracking an aircraft by means of 
infra-red sensors along the flight lane, thanks to the 
position of the colliding beams and the correspond- 
ing signals for their processing by computer. 

Rgure (7) is similar to the previous one, al- 
though here one sees a dangerous situation in 
having two aircraft within the flight lane, which 
could collide. One can see also the rectangles 
formed by each set of four telemetric sensors (STI) 
- "infra-red sensored areas" (ISA). 



Rgure (8) represents the tracking of an aircraft 
during the sequence of its entrance onto the run- 
way. 

Rgure (9) shows the sweep mode of the tele- 

5 metric sensors (ST) along the flight lane (SPZ). 
The sources in this case are motionless, three heat 
sources being represented, as well as the detection 
carried out by the four sensors from the four cor- 
ners of the infra-red sensored area (ISA) in ques- 

10 tion, allowing the surface dimensions of each heat 
source to be accurately defined. The sweep mode 
is that used in emergencies. 

Figure (10) shows an airport layout in which 
can be seen both the flight lane (SPZ) and the 

15 taxiways equipped with detectors (D), guidance 
beacons (B) and traffic lights (S). Inside the SPZ's 
neither detectors (D) nor traffic lights (S) are in- 
stalled. However, at those points of the SPZ perim- 
eter where taxiways impinge, the firstdetectors and 

20 traffic lights are installed, so that an aircraft is 
detected on leaving the runway. Full continuity in 
airport surveillance is thus achieved, since although 
an aircraft which exits from the area of the SPZ 
leaves behind the telemetric sensors (ST) tracking 

25 it, it will be immediately detected by the first tax- 
iway detector (D) on entering the corresponding 
section of taxiway. Thus, in both cases, where the 
aircraft is inside the SPZ and where it is on any 
taxiway, it is immediately displayed on the main 

30 panel (Pn) located in the airport tower. Detectors 
(D), beacons (B) and traffic lights (S) have been 
shown in the drawing. Moreover, although auto- 
mated hydrants could be sited in other zones, 
other than in the flight lanes, this does not seem 

35 justified in view of accident statistics. 

Figure (11) represents a view of the system 
equipment located in the tower; panel (Pn), console 
(Co), computers (Or) and connections (Cn). as well 
as the position of the officer on watch in front of 

40 the controls. The panel (Pn) is of large dimensions 
and almost vertical, its angle of inclination being 
adjustable, for ease of observation both by the 
operator and by other tower personnel. Since it is 
necessary that ail the controllers can see the afore- 

45 mentioned panel, it will be located in the upper part 
of the tower's large window, and for this purpose a 
small building modification will have to be made 
locally in the roof of the tower, allowing the panel 
to be housed in front of the controllers, so that the 

50 latter can both observe the panel and see through 
the tower's window. 

Also shown in this figure are: 
Tr ■ Adjustable support rod 
Pa - Wall 

55 Ca - Cable 
Gz - Hinge 
The RUSTEM system console controller directs 
taxiing and parking, and the remaining controllers 
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direct flight operations on the runways and flight 
lanes. 

The installation of the RUSTEM system does 
not involve alterations to the current consoles and 
installations, nor does it interfere with their opera- 
tion or the work of the tower's flight controllers. 

Rgure (12) represents the main panel located 
in the tower. Its dimensions are those which are 
appropriate and necessary to reflect the resolution 
and definition of sources of which the flight lane 
telemetric sensors (ST) are capable. The operation 
of both the flight lane computer and the computer 
dealing with taxiing is displayed on the panel (Pn). 
When there are emergencies the telemetric sen- 
sors go into sweep mode and the reference sym- 
bols which appear directly on the panel are emer- 
gency circles. In tracking mode, the aircraft refer- 
ence is seen on the panel as well as a reference 
which changes according to the actual path of the 
aircraft. 

Figure (13) illustrates an airport flight lane in 
which an aircraft and a motor vehicle appear. 

Figure (14) represents an airport layout in 
which the surface radar (RS) and control tower (T) 
are shown. 

Having planned the system under the con- 
ditions described above, It is now appropriate to 
take stock of the current situation in airports in 
general, since the problem Is substantially the 
same in all countries. 

To start with the aspect of fire-fighting. 

In alt civil airports and air bases there is a fire 
station, equipped with tankers, prepared "ad hoc". 
This originates from the early days of aviation, as 
an extension of the method used by municipal fire 
brigades and has been evolved by trying to adapt 
to requirements. 

Little by little, and despite the efforts made to 
improve it, its poor performance with regard to the 
special case of an aeronautical accident has be- 
come Increasingly clear, as seen In practical cases. 

Protests by pilots' associations and the frank 
pessimism of the aeronautical authorities devoted 
to this matter, confirm this situation in the various 
different countries. 

For various reasons, as aircraft have been de- 
veloped they have increased in volume and weight, 
and therefore in engine power and size of fuel 
tanks, and can achieve much longer flights. 

This has caused airports to increase the capac- 
ity of the tankers in which water and special extin- 
guishing agents are transported. This has already 
led to cases of enormous tankers, some of which 
have had to incorporate two engines, one in front 
and one behind. This would suggest that a limit has 
been reached in the method used. 

Also, given the volume which has to be trans- 
ported, there have been actual instances where the 



tankers have overturned, since, although smooth, 
there are unavoidable gradients in the airport ter- 
rain. There are thus some limitations and inter- 
actions between the load transported, speed of 

5 travel of the vehicle and stability. 

Furthermore, if an accident occurs at the head 
of a runway, at the far end of the start of the 
runway, often muddy areas and other obstacles 
prevent or make difficult an approach close to the 

10 said accident. 

On occasion, the aeroplane or colliding aircraft, 
are broken into sections which are dispersed, thus 
requiring the'said tankers to be able to attend to all 
the fires simultaneously and Involving an increase 

;5 in the fleet of trucks necessary. 

Moreover, the trucks cannot act on their own, 
but only when the airport tower so indicates. So 
that as in the majority of airports the surveillance 
function is deficient, as the tower first has to deter- 

20 mine whether there is an emergency or not, a 
question which is often difficult and uncertain due 
to the lack of an instrument which can rapidly 
verify this, especially at night or in low visibilities. 
All this causes a build-up of time which weighs 

25 heavily against a hypothetical fire and rescue op- 
eration, since first the tower has to determine 
whether or not there is an emergency, after that it 
has to notify the fire brigade and this has to be 
mobilized; then the journey has to be made from 

30 the fire station to the site of the accident, at times 
far away as in the case of the heads of runways. 
Once the fire brigade have arrived, they have to 
take charge of the disaster which has occurred 
different each time, which is complicated in the 

35 case of dispersed sections. 

Thus, there is an excessive time lag which is 
inconsistent with the type of accident being consid- 
ered. It is thus inevitable that performances have 
been low, losing human lives and increasing the 

40 damage to aircraft. 

When in the past, aircraft were much smaller, 
less global inefficiency was observed with this pro- 
cedure, but currently this is continually on the 
increase, since it is actually the method and proce- 

45 dure used which have to be changed globally, both 
in theory and in practice. 

According to OACI publications extinction must 
be carried out in a period of five minutes, due to 
the fuel, its explosive capacity, and the toxic gases 

50 which may asphyxiate the passengers trapped in 
the accident. 

Currently, the OACI specifies between two and 
three minutes for starting up fast fire trucks after 
the alarm has been given. 

55 This clearly shows that between the five tragic 
minutes available and the two or three minutes for 
the mobilization of the high-speed trucks, there 
only remain two minutes for the work of extinction, 
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thus emphasizing the necessity for using a different 
method, like the RUSTEM system whose auto- 
mated hydrants enter into operation in a few sec- 
onds after the fire rescue button has been pressed 
by the tower. 

In addition to the problems and limitations de- 
scribed, there are other problems which also act 
negatively on the efficiency of fire rescue oper- 
ations, this time related to the rescue personnel 
themselves. These may be summarized as follows: 

- the fortunate rarity in the number of accidents 
paradoxically has a negative effect on the 
rescue personnel, because they become out 
of practice due to their enforced inactivity, 
leading to reduced performances when the 
critical time arrives of unavoidable emergen- 
cies. 

Also, having arrived at the site of the accident, 
on the one hand they are tied to the fire tanker, 
and on the other the accident has managed to 
produce a number of fire sources. Thus, each 
accident being different, they have to improvise 
their action on the way, often leading to psycho- 
logical blocks in the face of the urgency of the 
various sources to be extinguished and their dis- 
persal. 

- The airport fireman, moreover, in contrast to 
his city counterpart, in all cases without the 
least exception, has to deal with an aircraft 
which is liable to explode at any moment in 
its emergency state. So that the fireman's 
own survival instinct militates against the 
work he carries out, acting in a situation of 
fear and insecurity which logically leads to 
low performances. 

The truth is that it is irrational and preposterous 
to completely, systematically and without excep- 
tion, require heroism as an everyday norm for 
work. So that if the technician does not carry out 
his own self-criticism, he will continue to maintain 
an error of principle and with it foreseeable low 
performances, as demonstrated in practical in- 
stances. 

It is absurd to deal with saving the life of the 
pilot by placing the lives of several firemen at risk 
in the attempt. As human beings their lives are as 
important as that of the pilot and to be respected 
equally with all others. 

If this is not agreed upon, the pilot may not be 
saved since fear will tend to paralyse the actions of 
the firemen, with predictable low performances. 

Thus, no matter what the quality of the fire- 
tankers may be at a given moment, they have to 
be operated by firemen, whose actions are un- 
predictable. 

Faced with this set of problems, both in the 
method employed and those related to the rescue 
personnel, the conceptual modification intrinsic to 



the present system is based on the following: 
a) the setting up of a fixed, buried installation on 
both sides of the runway, extending it to both 
ends beyond the thresholds (Rgure 1). 

5 b) these two lines consist of hydrants, which in 
the position of rest are underground, covered by 
a steel cover flush with the surrounding area so 
that if an aircraft leaves the runway and runs 
over the said cover it will not damage the air- 

10 craft nor the hydrant hidden underneath (Figure 
3). 

c) each hydrant incorporates two cannons 
whose elevations are generally at different an- 
gles and appropriate to every fire-fighting opera- 

15 tion (Rgure 3). 

d) each hydrant (Rgure 3) has a rotary base, so 
that it can rapidly assume any angle of azimuth, 
and therefore line up on the aiming position. 

e) the complete hydrant is capable of to-and-fro 
20 movement for covering the damaged area. 

f) the hydrant has a main trigger valve, continu- 
ously adjustable by servo-motor. 

g) the hydrant's range is such that it covers the 
whole width of the flight lane. i.e. each line of 

25 hydrants, being rotatory, covers at least two- 
thirds of the said width. Thus, the runway and its 
two adjacent areas are covered along the length 
of the runway and its two ends. For instrument 
runways, the OACI Standards establish the per- 

30 mitted runway widths as being between 45 and 
60 metres, so that on these runways the width 
of the flight lane has to be not less than 300 
metres (Figure 1 ). 

h) it happens that airport accidents occur statis- 
35 tically in 99% of the cases within the area de- 
fined by the flight lane, for which reason the 
automated hydrants are suitably located to cov- 
er any emergency in the aforesaid flight lane. 
The computer software does not improvise, but 

40 rationally covers all cases. 

i) as the pipes which supply the hydrants are 
always under load, and as the hydrants cover 
the whole width of the flight lane, the triggering 
of the hydrants is extremely rapid and they 

45 cover any emergency, whatever the topographi- 
cal position of the accident and its separate 
focal points. 

j) the automatic action of the hydrants is 
computer-controlled, and as the buttons are 

50 pressed on the control console located in the 
tower, they act together in preparing the whole 
runway on the prior announcement of the arrival 
of an aircraft in an emergency, being accurately 
trained on the stopped aircraft, or its sections, 

55 whatever the topographical dispersal they may 
have. The fire-fighting takes place globally and 
simultaneously over all the heat sources 
present. 
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k) the position of the aircraft or its sections, in x, 
y coordinates, is supplied by the telemetric sur- 
veillance of the present system, as will be ex- 
plained later (Figure 12). 
So, concentrating for a moment on the fire- 
fighting method described, the following advan- 
tages may be pointed out, amongst others: 

1. The automated fire-fighting system requires 
only a few seconds to come into operation after 
the button is pressed in the airport tower, thus 
cutting out the excessive time lag which occurs 
with fire tankers. 

2. As both the water and the extinguishing sub- 
stances are supplied under pressure to the hy- 
drant by means of underground pipes, no trans- 
port by truck is necessary, since now the extin- 
guishing fluid is placed "in situ" via continuously 
full pipes. 

3. Since the water and extinguishing agent stor- 
age tanks are also fixed, they can be as large as 
required, with reserves, whatever the size of the 
aircraft or the collision in question. The pump, 
the dispensers, valves, connections and auto- 
protection devices act in fast response, each 
line being fitted with the necessary service pres- 
sure regulation drum. The pressure is sufficient 
to guarantee the maximum range of the hy- 
drants, the pump being automatically triggered 
and responding as soon as there Is a slight 
reduction in the pressure of the regulating drum. 

4. The computer which controls the hydrants 
selects these according to each accident, in 
accordance with the topographical position of 
the aircraft, or Its sections, as well as according 
to the force and direction of the wind. 

Furthermore, once the fire-fighting operation 
is initiated, this computer is updated with the 
possible variations in both the topographical and 
meteorological data relating to the accident, 
since new heat sources may have arisen and 
the wind data may have changed, so that the 
parameters of each hydrant are altered through- 
out the fire-fighting operation, the latter being 
self-adjusted automatically according to the pos- 
sible variations in the mishap, as well as to 
those In the prevailing wind. 

5. Each hydrant releases via its two cannons a 
large volume of extinguishing fluid, hitting the 
whole accident zone. If the aircraft In the emer- 
gency does not break up Into sections, several 
hydrants will act together on the aircraft from 
different angles, hitting it rapidly with a large 
volume flow, leading to an extremely rapid ex- 
tinction. 

6. The hydrants do not suffer from psychological 
blocks, since they do not have to think about 
their actions in each accident, nor are they 
afraid of fire or explosions, instead when the fire 



brigade arrives on the scene of the accident, the 
fire sources will already be under control and 
since the lives of the rescue team will remain 
protected, the latter will complete the operation 
5 with high success rates. In favour of both the 
injured and uninjured. 

7. The same can be said for the runway ends, 
since the system is the same. 

8. Due to the automation and its great speed 
10 and coverage, in the majority of the accidents 

there will be a high rescue success rate, both in 
terms of people and in preventing more damage 
to the aircraft, which can be salvaged. 
This completes the explanation of the principal 
15 fire-fighting concepts in the present RUSTEM sys- 
tem. 

Now consider the aspect of airport surveillance. 
The current general situation can be described 
as follows: 

20 Although seemingly it might be imagined that there 
is nothing to enquire into regarding the matter in 
question, the negative secondary effects which the 
introduction of the ILS has had on civil airports and 
air bases should be pointed out, negative effects 

25 which were not taken into account when the use of 
the ILS was introduced and extended into all air- 
ports. 

This very beneficial instrument was introduced 
to try to maintain air traffic running inspite of poor 
30 visibility conditions on an aircraft's approach to the 
airport. 

The ILS (instrument landing system) Is, in fact, 
a landing instrument. 

The said instrument consists of an aerial which 

35 is located on the threshold of the runway, emitting 
signals which are picked up by an instrument on 
board, indicating whether the aircraft is to the right 
or left of the runway axis, as well as whether the 
aircraft In its approach Is flying above or below the 

40 correct approach path. Hence, although the pilot 
cannot see the runway due to cloud, he carries out 
the landing on instruments, gradually altering his 
course until he is finally on the runway, landing in 
the touchdown zone. 

45 The runways which have ILS are called instru- 
ment runways, which on the ground have to meet 
the strictest iDACI standards regarding widths. 
slopes...etc., with their respective flight lanes being 
wider (a minimum of 300 metres). 

50 Thus, it may easily be appreciated that in the 
past, when there was no ILS, pilots did not land 
unless they had complete visibility regarding the 
runway. The tower also had this same visibility with 
respect to the aircraft trying to land. Put simply, 

55 both visibilities, that of the pilot and that of the 
tower were one and the same visibility. 

But. if suddenly the aircraft is given some 
electronic eyes with which the pilot can carry out 
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the landing, without seeing the runway with his 
naked eye, there is a situation in which the operat- 
ing minimums of this airport have been reduced, 
by which the aircraft is helped to land, but at the 
cost of leaving the tower blind if the tower has lost 
visibility over the complete airport environment. 

Together with this there is a situation of gen- 
eral risk in all ground operations, which negative 
effect was not taken into account when the ILS was 
introduced and its installation extended into all civil 
airports and air bases. 

In fact, although initially it would appear some- 
what illogical, in reality the airport accident referred 
to previously at Madrid airport, in which two aircraft 
collided, was basically due to the existence of the 
ILS in the said airport, since although the ILS is a 
landing instrument, and in that accident there had 
been one aircraft landing and the other taxiing, 
both ground operations were being carried out in 
conditions of poor visibility, since the introduction 
of the ILS has lowered the operating minimums in 
all the world's airports. Neither aircraft saw the 
other, nor did the tower see either of the two by 
eye, nor did the tower see the collision, nor the 
place where both the colliding aircraft were to 
come to a halt in the flight lane. All the tower saw 
was fog and initially not knowing what had hap- 
pened, lost time in calling the fire brigade who then 
had to look for the site of the accident, also in poor 
visibility. 

On this occasion, the general risk mentioned 
above became a disaster, with a corresponding 
loss of human lives and damage to the aircraft. 
This airport acident is symptomatic of the risk 
situation which has been highlighted and which it is 
essential to correct, because from time to time it 
costs the lives of passengers and pilots. 

Air safety embraces the whole environment, 
and it therefore also includes the ground-ground 
area. 

The ILS comes under the air-ground heading, 
but an airport is an organic whole as with any 
object in reality, so that it is connected. Accord- 
ingly, if only one part is considered without taking 
into account the rest, as happened with the ILS 
(which was aimed exclusively at aiding landing), 
secondary effects may be, and, in fact, have been 
produced, such as that quoted of leaving airport 
towers blind. 

Aircraft in an airport cannot move without the 
proper instructions from the control tower, but if the 
latter are blind with respect to incidents occurring 
on the runways, the tower personnel seem to be in 
a contradictory situation where they have to control 
and direct surface traffic and at the same time are 
left blind and without any instrument allowing them 
to view incidents in the airport. This contradiction 
from time to time costs people's lives and must be 



corrected. 

That is to say, this is not an attempt to elimi- 
nate the ILS. since it is very beneficial, rather an 
attempt to provide the tower with a suitable instru- 
5 ment for carrying out telemetric surveillance in the 
airport, despite there being poor meteorological 
conditions, or that it is operating at night, as is 
usual. 

In fact, the day has arrived for so-called sur- 
10 face radar, which instead of directing its beam into 
open space directs it towards the ground, sweeping 
the airport. 

However, this equipment is not suitable, nor is 
it included in the present RUSTEM system. Here 

15 the telemetric method will be something else. 
There are various reasons for this: 

In the first place, surface radar emits its pulses 
from one point, the aerial. 

Secondly, the runway is not flat, but has gra- 

20 dients. even though limited and standardized. 

In addition, it should be taken into account that 
radar does not measure distances, but the time 
difference between the transmission of the pulse 
and the reception of its echo bounced back by the 

25 object, although since the pulse and its echo con- 
sist of electromagnetic radiation their velocity (c) is 
known, and since the time difference between the 
transmission and reception is known, the corre- 
sponding distance is obtained. But in this process, 

30 if the object located on a runway is such that this 
runway is horizontal, or else has gradients, the 
result will be that although the straight distance 
between both objects and the aerial is the same, 
nevertheless their respective coordinates with re- 

35 spect to mnway axes will be different in x, y. This 
parallax effect is shown in Rgure (4). 

That is to say, standard surface radar falsifies 
the x, y coordinates of the object due to a parallax 
effect which appears when runways have gradients. 

40 These gradients are smooth, but as the length 
of runways is relatively great, the result is that 
often there is a very significant difference in height 
(z) between one end of the runway and the other, 
so that, in fact, the radar falsifies the corresponding 

45 measurement of the x, y position of the objects. 

These radars, which in themselves are not very 
economic due to their functional structure and the 
elements which they incorporate, would be even 
more expensive if an attempt were made to obtain 

50 the correct x, y coordinates, since in this case one 
would have to turn to a three-dimensional radar 
accompanied by a correcting computer. Then the 
output signal from the (3D) radar receiver would 
have to be corrected with the computer, which in 

55 turn would have to contain the topographical data 
of the different points of the airport. This would 
have to take place in real time so that this type of 
equipment would be more complex and more ex- 
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pensive, and therefore not very advisable. 

There is yet another problem which is that 
when speaking in general of airport or in-flight 
surveillance, the concept persists that this telemet- 
ric surveillance will be with respect to normal air- 
craft, when in fact in the case of an airport, not only 
do the movements and stoppages of normal air- 
craft have to be monitored, but also the telemetric 
system has to supply data on emergencies and 
fires In case of accidents. In addition, it is vital to 
obtain via telemetry, the actual form of the fire 
sources which appear. Only in this way will the 
aiming and automated action of the fire-fighting 
operation be efficient and accurate. That is. the 
surveillance function and the fire-fighting function 
cannot be separated nor split off. 

Thus, considering the case of a fuel lake in 
flames, the result of an accident, three (3) negative 
factors emerge with regard to surface radar: 

a) as said earlier, if the runway has gradients 
(and it always has some), the x, y position of the 
source is displaced, and as the hydrants con- 
stitute a fixed system in which each hydrant has 
its respective x, y coordinates with respect to 
the runway axes, the position of the source 
would be in error with respect to the hydrants, 
and their action would be Incorrect, due to hav- 
ing carried out the telemetry by means of stan- 
dard surface radar. 

b) but imagine a three-dimensional, computer- 
corrected radar, making the installation even 
more expensive. A second difficulty now ap- 
pears, making the increased outlay practically 
useless. In actual fact, a burning fuel lake is 
seen from the radar aerial basically as a "wall" 
of flames and smoke. So that in any case the 
echo signal is going to give the position of this 
"wall", but is not going to give the surface 
dimensions of this burning lake, since the "wall" 
prevents the determination of the surface length 
of the lake, i.e. it is the straight section of the 
object which is used in the radar; in an airport 
the radar has an aerial raised at a point of 
proper height, and therefore the sweep carried 
out by the beam will come up against this 
"wall". Naturally if the surface extent of the 
source is not known, it will not be possible to 
operate the hydrants correctly. 

c) lastly, there is another reason, which is that 
flames generally return a distorted radar echo 
and the measurement is still not reliable. 

All these reasons make the use of surface 
radar inadvisable, since in the event of using it, 
these problems would distort the necessary telem- 
etry. Furthermore, radar will give the sections of 
the aircraft, but in an airport accident these sec- 
tions are of less interest since the rupture factor 
already has no remedy in this case, of greater 



interest instead in the telemetry of emergencies is 
the position of the heat sources, which will some- 
times coincide with the sections and at other times 
not. For example, an aircraft could have its under- 

5 carriage broken off in an accident, and this part 
could be detected by radar. But this part is of no 
interest as far as the hydrants are concerned, only 
the fire sources which are the sole item which must 
be eliminated as quickly as possible after the ac- 

70 cident has occurred. Thus, if the telemetry gives 
mainly the metal sections and not the heat sources, 
this telemetry would be completely useless and 
detrimental in this instance, since it would oblige 
the hydrants to have to act on sections and not on 

;5 sources, the hydrants being "thrown off track" by a 
bad choice of the telemetric method used. 

Radar has been a great advance, but on every 
occasion the correct instrument has to be used 
which is consistent with the function demanding 

20 solution, without confusing the uses and functional 
possibilities of each instrument. 

Moreover, although surface radar distorts x, y 
positions, it is used to give a screen display which 
is often sufficient for surveillance exclusively. But if 

25 an automated fire-fighting system is sought, those 
errors and difficulties which have been pointed out 
are disadvantageous, and another method of telem- 
etry must be turned to. which naturally gives the 
correct x, y position of normal aircraft, but which 

30 also gives accurate data in cases of emergency, 
that is. with one and the same method, both func- 
tions must be brought about without duplicating the 
elements used. 

Again, it is essential to understand that an 

35 airport is divided into two zones which are com- 
pletely different in function: 

a) the flight lanes and the runways contained 
within them. 

b) the taxi ways and parking areas. 

40 In fact, when an aircraft is in operation, it does 

not, nor cannot have any intention in the airport 
other than to move in one of two directions: 

- from the parking area to the runway (going 
via the taxiways). 
45 - from the runway to the parking area (also 
going via the taxiways). 
In a taxiway the aircraft travels very slowly and 
often in procession, where some aircraft follow oth- 
ers. 

50 But in the flight lanes and runways the situation 

is completely different, since this is the ground-air 
or air-ground transition area. In a taxiway an aircraft 
can stop sharply if necessary, but this is com- 
pletely impossible on the runways. 

55 Thus, although the airport is an organic whole 
and its parts are interconnected, there are basic 
qualitative differences in these parts, and this dif- 
ferentiation therefore also has to be reflected ap- 
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propriately in the telemetry system and its respec- 
tive consequences and functional derivations. 

For example, 99% of airport disasters occur in 
the flight lanes, so that it makes sense for the 
automated hydrants to be installed in the flight 
lanes, but not in other airport areas. That is, al- 
though they could of course be installed, it would 
not make sense comparing the function/cost rela- 
tionship. 

The same thing occurs with the analysis of 
surface radar, since there are many zones of little 
or no conflict in the airport, and for these surface 
radar surveillance gives a totally disproportionate 
funtion/cost relationship. Hence, this is another rea- 
son for the present RUSTEM system not using 
surface radar. 

Also, as indicated by the OACI SMGC require- 
ments, surface radar will not be regarded as the 
determining element. This is due, among other 
reasons, to the fact that although the tower can 
observe the said radar screen, the pilots in the 
taxiway cannot see this screen. It is specified that 
the pilots be guided "in situ", which requires detec- 
tors, guidance beacons and traffic lights at cross- 
ings, something which surface radar does not pro- 
vide. 

Because of guidance and emergencies, the 
RUSTEM system does not make use of surface 
radar. 

As will be explained, two different methods will 
be used: 

1) Two parallel lines of infra-red sensors for the 
flight lanes (Figure 11). Each of these lines 
located on the longest sides of the rectangle 
formed by the flight lane. As for instrument 
runways, the flight lane has to be at least 300 
metres wide, this would be the minimum dis- 
tance at which both parallel lines of sensors are 
installed. 

2) Detectors and beacons (Rgure 10) for control 
of aircraft in the taxiways and parking areas. 
Reference is made here to the generic detector, 
the following different types of detector being 
able to be used: weight pickup, ultrasonic pic- 
kup, heat pickup, pickup of the metallic nature of 
the aircraft (magnetic or electrical fields) and so 
on, since it Is essential In the RUSTEM system 
that such detectors are neutral throughout the 
airport, with the exception of the detectors which 
pick up the aircraft along its run, as the said 
detectors are only activated exclusively for air- 
craft, due to the interconnecting mechanism be- 
tween each of the successive detectors. 

In order that a detector can perform the 
pickup and send Its signal to the computer it 
has to be activated by electric current. This 
activation will be such that it will occur as the 
aircraft itself moves. The activated detectors will 
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"accompany" the aircraft's progress. 

These detectors are installed in such a way 
that they allow the standard minimum distance 
between aircraft to be controlled. That is to say. 
if two aircraft on the taxiway are not closer to 
each other than a minimum specified distance, 
they are certain of not colliding. 
3) A simple system of traffic lights (Figure 10) 
installed at the taxiway crossings. In this way the 
tower records for example aircraft movements 
on each of the internal taxiway routes in the 
airport, whether for aircraft going from the park- 
ing area to the operative flight lane, or for com- 
ing from the runway to the parking area, routes 
that are held in the memory of the computer 
which controls and guides each aircraft step by 
step. 

In their turn, these traffic lights, which are seen 
by the pilots when taxiing, are connected to each 
20 other, with the detectors described above, and with 
the tower. 

A general description of this aspect of the 
system is given below: 

1) Flight lane telemetric sensors. 

25 The flight lane is another element which is 

very distinct from an aircraft parking area, since 
it Is a place of movement, so that within the 
flight lane all aircraft have their engines running, 
and thus are sources of heat. 

30 In the case of accident, fire sources are also 

heat sources. Ruptures are already without rem- 
edy and what has to be extinguished are fires. 
Hence, the common denominator of all incidents 
within a flight lane is heat. 

35 Therefore the special ingredient of the 

RUSTEM system's telemetric method for flight 
lanes is the infra-red telemetric sensors (Figures 
1 ,6,7). These sensors are installed in rectangles, 
one sensor at each corner. So that each sensor 

40 in a line has its counterpart in the line opposite. 

The flat area which is the flight lane, with no 
obstacle between the aircraft and the sensors, 
as well as having no obstacles between the 
aircraft and the hydrants, allows "sul generis" 

45 activation, difficult to repeat in other contexts, 
but which Is totally serviceable in the case of 
flight lanes, the vast majority of airport accidents 
occur, either by sudden accident, or else 
through the arrival at the airport of an aircraft 

50 announcing its emergency condition. 

The sensors run along the source-detector 
line, producing a signal which when duly con- 
verted from analogue to digital is able to be 
processed by computer. 

55 As it occurs in two sensors at the same 

time, there are two lines of bearing whose inter- 
section is calculated by the aforesaid computer, 
supplying in real time the x. y position of the 



12 



23 



EP 0 209 397 B1 



24 



source with great simplicity and accuracy. 

In turn, the rectangles or squares formed by 
four sensors, are such that they are succes- 
sively adjusted to the whole length of the flight 
lane and its corresponding topography, so that 
each set of four sensors form (with small error) 
a plane. Thus the three-dimensional problem 
substantially disappears and the telemetry is 
exclusively surface telemetry in x, y. This is 
taking into account the fact that we are not now 
considering aircraft in flight, but on the ground, 
i.e. in their landing or take-off runs and in their 
taxiing movements within the confines of the 
flight lane. The latter not only contains the run- 
way, but also covers the part corresponding to 
fast exits etc, i.e. the paved junctions connecting 
with the runway. 

The telemetric sensors of the present sys- 
tem can operate in two different modes: 

a) Tracking. 

b) Sweep. 

In the first case this is the normal functional 
mode, tracking the paths of normal aircraft in 
their operations within the flight lane. It is natu- 
rally assumed that there has to be only one 
single aircraft within the perimeter of the flight 
lane, since although this is often forgotten after 
airport construction, the flight lane is a standard 
obstacle-free zone. It does not make the least 
sense to put great effort at the time into plan- 
ning and constructing an airport, strictly observ- 
ing the standard of obstacle-free zones, then 
aftenwards, once the airport has entered into 
operation, aircraft are placed within the flight 
lane, as happens many times with threshold 
waiting zones. 

A waiting aircraft has to be outside the flight 
lane, not inside it, since an aircraft inside the 
flight lane whilst there is another one operating 
on it. represents a dangerous obstacle for the 
aircraft which Is not waiting, as it is loaded with 
passengers and above all fuel, so that inside the 
perimeter of the flight lane there must be only 
one aircraft If the intention is to meet the OACl 
standard for obstacle-free zones, which is ab- 
solutely necessary for air safety. 

A chimney or an aircraft may be such an 
obstacle, if they are situated where they ought 
not to be. 

So flight lane sensors will now detect it 
there are one or more aircraft in it, since the 
telemetry will of course be tracking, and this will 
be displayed on the main RUSTEM panel lo- 
cated in the tower. 

When there is an emergency, the sensors 
leave tracking mode and change to sweep mode 
by the pressing of an emergency button on the 
control console also located in the tower. 



The sweep (Rgure 9) takes place from the 
four corners formed by four sensors, so that the 
surface form of the heat sources is obtained. 
(Surface radar only transmits from a single 

5 point, the aerial). 

At the computer level this gives rise to a 
circle being displayed, Inside which the source 
is recorded. If there Is more than one source, 
they would have corresponding emergency clr- 

w cies. 

This data, together with the wind force and 
direction data. Is passed on to the computer 
which controls the hydrants, which computes the 
selection of hydrants and the parameters of 

75 each of those selected, thus initiating the fire- 
fighting operation. 

That is to say, the sensors receive the 
emergency data and the hydrants are triggered 
by the computer system, all this work being 

20 done very rapidly, considering the elements in- 
volved, with the functions of telemetric surveil- 
lance and automated fire-fighting being integrat- 
ed. 

By pressing a single button on the console 

25 located in the tower, the process described is 
set off, which is measured In seconds, the re- 
sponse time being very fast, as demanded by 
the extinction operations in question. 
2) The detectors located in the taxiways are in 

30 their tum connected to the computer controlling 
all the airport taxiing. 

This is a different environment from that of 
the flight lanes. Here the aircraft travel more 
slowly, following in procession. What is of inter- 

35 est now is maintaining the minimum distance 
between aircraft. That is, the position of the 
aircraft has to be monitored within a taxi way, 
and above all the maintenance of the said dis- 
tance has to be controlled for safety purposes. 

40 In order to do this the detectors are sited in 

the taxiways and the guidance beacons also 
guarantee this minimum distance. Where there 
are crossings traffic lights are located at their 
"entrances". 

45 In other words, this involves only having one 

aircraft between each two taxiing detectors, be- 
ing activated by the aircraft's own progress, and 
not detecting other objects. 

This is a similar situation to the technique 

50 used in the airways while aircraft are in flight, 
maintaining the distances between them. In the 
present case this situation is controlled on the 
ground by means of one of the said detectors, 
the aircraft being able to be quite close to each 

55 other, but not too close, since although they are 
travelling slowly they still have some velocity. 

With this type of detector the passage of the 
aircraft in front of the detector as well as its 

13 
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direction of travel are detected. 

For each new detector which picks up the 
aircraft's progress, the computer lights another 
axial beacon for this aircraft, every aircraft on 
the taxiway having a fixed number of axial bea- 
cons lit in front of the nose of the aircraft ac- 
cording to the specific route of each aircraft. 

The sequence of successive activation of 
the detectors is produced by means of the inter- 
connecting mechanism between adjacent detec- 
tors. An activated detector on picking up the 
aircraft not only sends its signal to the com- 
puter, but also activates the next detector and 
deactivates the previous one. 

Furthermore, if there is an aircraft in a sec- 
tion of taxiway, which is accounted for, and 
another aircraft enters this same section, the 
record shows two aircraft in this section and 
another signal appears on the main pane) in this 
section; the second signal being arranged to 
flash and a small alarm sounds on the console 
at the same time. That is to say, an infraction 
has been detected and the tower personnel slow 
down the offending aircraft, thus avoiding dam- 
age. That is, the offending aircraft would be at a 
lesser distance than the standard minimum dis- 
tance between aircraft, causing risk and possible 
collision. In such cases, the appropriate com- 
puter causes the axial beacons of the offending 
aircraft to flash. 

3) The airport traffic lights of the present system 
are different from those in towns, although the 
three lights, green, amber, red, are also used. 

The traffic light has two faces with the three 
lights on both its faces, like the faces of a coin. 
Although all of this is adapted to the airport 
context. 

In actual fact, what at one moment is given 
as the valid direction on a taxiway, may become 
the prohibited direction in another moment. For 
example, the airport of Las Palmas de Gran 
Canaria is situated in a region of the world 
subject to trade winds which change direction 
twice a year. Thus the operative head of the 
runway changes according to the season of the 
year in question. Hence, on altering the runway 
head the internal routes for taxiing are changed 
accordingly. 

On the control console (Figure 12) there is a 
diagram of the runways and a button panel with 
which the internal taxiing routes are recorded at 
each moment: start and end point. 

If a second aircraft tries to enter a taxiway 
crossing occupied at that time by a preceding 
aircraft, the pilot of the second aircraft meets 
with an amber light which tells him that the route 
he is taking on the taxiway is correct, but the 
amber light indicates to him that there is an 
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aircraft in front on this section of taxiway, and 
therefore the second aircraft has to wait until the 
amber light disappears, since only then will he 
be able to enter this section of road. In addition, 
5 the fixed number of axial beacons flash on and 
off. 

That is to say, not only is the taxiing control 
function on the part of the tower involved, as 
happens with surface radar, but also the pilots 

70 have clear instructions "in situ" corresponding 
to this control. The pilots can see the traffic 
lights activated "in situ", but cannot view the 
surface radar screen, since obviously this will 
only be seen by the tower personnel. For these 

75 reasons also surface radar is not suitable and is 
not used in the RUSTEM system. 

It is a question of synchronizing the tower 
and the taxiing aircraft, with the dual function of 
instructing the pilots "in situ" and at the same 

20 time controlling taxiing from the tower, both in 
marking out the internal taxiing routes and in 
detecting infractions, thus achieving control over 
the minimum distance between aircraft, which is 
what is important for safety purposes, having an 

25 objective measurement available on all occa- 
sions. 

It is as important that the tower has a dis- 
play available of what is happening on the run- 
ways as it is that the pilots have the data avail- 
so able "in situ". 

The signals corresponding to aircraft may 
be seen on a surface radar screen, but the pilots 
cannot see this "in situ", nor does it help them 
at all in maintaining the standard distance be- 
35 tween aircraft. 

On the main RUSTEM system panel, one 
can see both the aircraft in the flight lanes (due 
to the signals sent back by the telemetric sen- 
sors), as well as all the aircraft on the taxiways 
40 (due to the continuous detectors). Thus, radio 
should only be used where essential. 

To summarize, where there is an ILS in 
operation, the operating mini mums are lowered 
and telemetric surveillance is therefore essential. 
45 Moreover, there must be monitoring and cer- 
tainty that there is only one aircraft inside the 
flight lane, since the obstacle-free zone standard 
must be met which basically affects the whole of 
the flight lane. Similarly, the minimum distance 
50 between aircraft in the taxiing sequence must be 
monitored, while at the same time all the aircraft 
are being guided along their taxiway. 

Furthermore, telemetric surveillance must be 
functionally integrated with automated fire-fight- 
55 ing in the flight lanes. 

It emerges from all this that, for the reasons 
explained, surface radar is not the appropriate in- 
strument, but rather the installation of telemetric 
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sensors, detectors, axial beacons and traffic lights, 
as in the case of the described RUSTEM system, 
which to distinguish it from other airport systems 
has been called this for short, standing for "runway 
security and taxiway escort system", in which three 
functions are considered: surveillance, guidance 
and fire-fighting. With this the tower actually recov- 
ers its functions. One could then have smaller, 
faster and cheaper fire tankers for taking care of 
possible fires in other airport zones, but used as an 
auxiliary measure with respect to the automated 
hydrant installation, as a much more powerful and 
faster system, as demanded by the aeronautical 
accident, this being able to take care of any type of 
emergency in the flight lanes which is where airport 
accidents tend to occur. 

This also reduces the general installation costs 
and those of maintenance, simultaneously achiev- 
ing a high degree of reliability, speed, and simple 
and secure operation on the part of the tower 
personnel, who would thus have a working tool 
which they can use whatever the meteorological 
conditions, night-time situation or traffic density, the 
RUSTEM system being adaptable to any airport. 

Lastly, as shown in Rgures 13 and 14, espe- 
cially in Figure 13, along the sides of the flight lane 
will be arranged a series of standard infra-red sen- 
sors. Si, as well as some special infra-red sensors, 
SiA, with an additional element for transmitting and 
receiving electromagnetic or ultrasonic pulses. The 
infra-red rays. if. which leave the aircraft are picked 
up by both types of infra-red sensors as the aircraft 
passes in front of them, and the data thus obtained 
is sent to the central computer of the installation 
fitted in the control tower. T (Figure 14). The two 
types of infra-red detectors can pick up not only 
the infra-red rays originating from the aircraft, but 
also the infra-red rays, if, originating from any 
vehicle, vh, which is travelling along the flight lane. 

Also, as can be seen in Figure 14, the control 
tower, T, is linked in with the airport's surface 
radar. RS. Figure 14 also illustrating the normal 
infra-red sensors. Si. and the taxiing and guidance 
detectors and beacons, D-B. 

As a result of the present invention, the auto- 
matic surveillance, guidance and fire-fighting in- 
stallation for airport aircraft covers the whole spec- 
trum of safety in an airport and is thus in the 
optimum position to meet the different safety emer- 
gencies which may arise in airport traffic. 

Claims 

1, An automatic surveillance and fire fighting sys- 
tem in an airport having a flight lane, compris- 
ing an array of heat sensors each directed 
towards the flight lane and disposed at laterally 
of the flight lane in spaced relation sut)stan- 



tially along its entire length, including positions 
between intersections of the flight lane with 
any other lane, and a computer operable in a 
first mode to receive signals from the sensors 

5 to provide an indication of movement of an 

aircraft as it moves along the flight lane past 
successive sensors, characterised in that the 
system further comprises an array of selec- 
tively operable hydrants arranged such that 

10 any position along the flight path may be 

reached by fluid from at least one of the hy- 
drants, the computer and the sensors are 
adapted to operate in a second mode in re- 
sponse to a control signal applied to the com- 

;5 puter in which sensors are caused to sweep 

their respective local areas, and the computer 
acts to combine the outputs of adjacent sen- 
sors to detect the position of any heat source 
within any such area, and to selectively ac- 

20 tivate hydrants capable of providing fire extin- 

guishing fluid to the position of the heat 
source. 

2, A system according to claim 1, in which the 
25 computer is also operable In a third mode to 

cause the hydrants to direct fire extinguishing 
fluid over the whole or selected areas of the 
flight lane. 

30 3. A system according to claim 1 or 2 in which in 
the second mode the computer also derives 
information as to the area of each heat source 
from the sensor outputs. 

35 4. A system according to any preceding claim, 
further comprising at least one wind speed 
detector arranged to provide a wind speed 
signal indicative of the wind velocity in the 
flight lane to an input of the computer, and the 

40 computer is arranged to process this wind 

speed information with the sensor output sig- 
nals to control the direction of the fluid from 
the hydrants. 

45 5. A system according to any preceding claim, in 
which the airport has taxiways and parking 
areas, further comprising position detectors for 
detecting the position of aircraft in the taxiways 
and parking areas as a function of travel and 

50 direction of travel to provide position output 

signals to said computer, and guidance bea- 
cons along the taxiways controlled by the com- 
puter in response to the position signals to 
indicate the path to be followed by an aircraft. 

55 

6. A system according to claim 5 and comprising 
traffic lights connected to the guidance bea- 
cons and situated at appropriate positions such 
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as taxiway crossings. 

7. A system in accordance with any one of claims 
1 to 6, in which the infra-red sensors are 
arranged in two parallel rows situated outside 5 
the or each runway, on both sides of the latter 

and at the perimeter of the flight lanes, along 
the latter and preferably for a suitable distance 
beyond the runway threshold. 

70 

8. A system in accordance with claim 7. in which 
the flight lane sensors are interconnected and 
determine the position of the aircraft situated 
within such a lane in an instantaneous and 
continuous manner, in such a way that in nor- is 
mal operation they supply the corresponding 
computer with the data from the heat sources 
present on the flight lane and enable the afore- 
mentioned computer to define the position of 
each heat source, whether at rest or in motion, 20 
in real time on the tower control panel. 

9. A system in accordance with claim 7 or 8, in 
which the separation between each two con- 
secutive flight lane sensors of each row is 25 
defined in such a way that it is sufficiently 
small for the distance between them to be 
approximately equal to its horizontal projection. 

and between each two pairs of opposing de- 
tectors a rectangle of detection is created, 30 
within which, in an emergency situation, the 
heat sources are accurately detected by the 
four corner sensors which operate in the said 
emergency situation in the form of a continu- 
ous sweep, in such a way that the electrical 35 
signal from the infra-red sensors contains the 
information relating to position and size of the 
different heat sources, and is passed via an 
analogue to digital converter for processing by 
the aforesaid computer, the sensors being 40 
adapted to the flight lane's own particular to- 
pography, allowing surface telemetry. 

10. A system in accordance with any one of claims 

5 to 9 characterised by the fact that the taxiing 45 
and parking detectors are all neutraJ through- 
out the airport, not picking up any object other 
than aircraft exclusively, so that other objects 
do not interfere with the computer which pro- 
cesses the monitoring and guidance of the so 
aircraft in their respective continuous se- 
quences of travel, between an initial point and 
final point, various types of detector being able 
to be used, such as weight sensing; pickup by 
ultrasonic transmission and reception; trans- 55 
mission and reception of light; infra-red; laser; 
or else of the electrical or magnetic field type, 
so that only the detector corresponding to the 



aircraft's position sends back the correspond- 
ing signal to the computer, and in such a way 
that as each aircraft goes on taxiing, the ac- 
tivated detector deactivates the previous de- 
tector and activates the following detector, the 
latter remaining ready to pick up the aircraft 
when it passes in front of it, causing the detec- 
tor signals arriving at the computer to trigger 
the latter into lighting and extinguishing the 
guidance beacons. 

11. A system in accordance with claim 10, in 
which the said taxiing and parking detectors do 
not constitute an obstacle for aircraft or service 
vehicles, but only pick-up aircraft, and the 
computer on being fed with the signals origi- 
nating from the detectors keeps account of 
each detector which sends its signal, the com- 
puter holding the route of each aircraft in 
memory, between its starting point and end 
point, which causes the computer to go on 
lighting the guidance beacons in front of each 
aircraft, according to a fixed number of bea- 
cons, and in such a way that each aircraft has 
in front of it a fixed number of lighted beacons, 
whether day or night, which beacons will go on 
changing according to the progress of the air- 
craft, the pilot being guided along the whole 
taxiing route, and in such a way that a mini- 
mum distance between aircraft is maintained, 
so that should two aircraft enter a crossing the 
computer causes the guidance beacons of one 
of the aircraft to flash on and off intermittently 
at the same time as the crossing traffic light 
remains lit at red, so that this aircraft has to 
brake its progress, and once the other aircraft 
has passed the crossing, the computer will 
cancel the aforesaid intermittent flashing, the 
red traffic light will be cancelled to allow the 
aircraft to continue on its way. 

12. A system in accordance with any one of claims 

5 to 11. in which the arrangement of the flight 
lane telemetric sensors and the taxiing detec- 
tors is such that once an aircraft has ceased 
being monitored by the former, it will start to 
be monitored by the latter and vice versa. 

13. A system in accordance with any one of claims 

6 to 12. in which the traffic lights are situated 
only at the crossings of taxiways, in a position 
related to that of the detectors and are con- 
nected to the said detectors, to the guidance 
beacons and to the control console, the traffic 
lights being activated in the event of opposing 
routes in aircraft taxiing and in such a way that 
in the event that a taxiing aircraft has to return 
to the parking area, in order to report any fault 
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for example, a controller can cancel the route 
which had been allocated to the said aircraft 
and input on a keyboard a new initial and final 
point for the said aircraft, which is guided back 
on its return. 

14. A system in accordance with any one of claims 
4 to 13. in which the information relating to 
wind force and direction generated by the an- 
emometers, is sent continously to the control 
console and to the hydrant computer, so that 
the latter may effect calculations for aiming the 
different hydrants in emergency situations. 

15. A system in accordance with any one of the 
preceding claims, in which the hydrants are 
arranged in two or more parallel rows on the 
runways, one or more on each side of the 
latter, and within the flight lanes, in such a way 
that each of the hydrants is independent of the 
rest, is solely controlled by the hydrant com- 
puter and launches its jets of extinguishing 
liquid with a horizontal to-and-fro motion whose 
amplitude depends upon the heat source to be 
extinguished, and with a different elevation for 
each discharge outlet, the hydrants being de- 
activated, despite being automatic in operation, 
unless the fire rescue control button is pressed 
from the airport tower, being capable of acting 
to prepare the runway on the announcement of 
the arrival of an aircraft in emergency status, 
or going into operation once the aircraft in the 
emergency is motionless; the system remain- 
ing locked whilst the aircraft is in motion. 

16. A system in accordance with claim 15. in 
which the hydrants are anchored and buried 
underground, being covered by a metal, such 
as steel, cover, flush with the surrounding ter- 
rain, not constituting any obstacle in the event 
that an aircraft on leaving the runway passes 
over the top of the said cover, and in the event 
of the hydrants being activated due to an air- 
craft emergency, the hydrant cannon are 
raised up, raising the steel cover; the hydrants 
having three degrees of freedom being ca- 
pable of horizontally rotating through 360 * . to 
take care of any emergency. 

17. A system in accordance with any one of the 
preceding claims, in which the hydrants are 
mobile, of the previous type, as well of the 
fixed type with multiple pipes, according to the 
requirements of the airport, at certain points of 
the flight lane and its ends. 

18. A system in accordance with claim 15, in 
which the hydrants are arranged in locations 



suited to the form of the crossings of the 
different flight lanes. 

19. A system in accordance with any one of claims 
5 4 to 18, in which the hydrant computer only 

intervenes in the event that an emergency 
situation arises, being inactive under normal 
conditions, and carries out continuous calcula- 
tions of the hydrant triggering parameters, by 
10 taking account of continuous information origi- 

nating from the flight lane detectors and an- 
emometers in cases of emergency and activa- 
tion of the system from the tower. 

15 20. A system in accordance with claim 19, in 
which at least one hydrant computer is pro- 
vided for each flight lane, and the said comput- 
ers are interconnected. 

20 21, A system in accordance with claim 19 or 20, in 
which the hydrants can spray the complete 
runway on the prior announcement of an air- 
craft in an emergency situation or operate ac- 
curately on the halted aircraft or its sections. 

25 

22. A system in accordance with any one of claims 

4 to 21. in which the flight lane computer 
receives data from all the sensors and an- 
emometers, using this to carry out calculations 

30 of aircraft positions, and the position and size 

of the different fire zones which already exist 
or which develop subsequently, transmitting 
this last data to the hydrant computers, and 
stores information in memory relating to day- 

35 to-day hazards, as well as normal movements. 

23. A system in accordance with any one of claims 

5 to 22, in which contained in the tower is a 
main panel with the representation and iden- 

40 tification of the aircraft in the flight lanes and in 

the taxiways, the said representation being in a 
special form for aircraft in a situation of infrac- 
tion, with heat sources also appearing in an 
emergency situation, the computer equipment 

45 producing the corresponding alarm, either for 

infractions or for emergencies. 

24. A system in accordance with claim 23, in 
which the control console is fitted with infrac- 

50 tion and emergency alarm signals, a constant 

display of the data from the anemometers, 
selection controls for taxiway courses by 
means of a data input keyboard, controls for 
selecting flight lanes and take-off direction on 

55 the latter, and fire-fighting activation controls, 

in expectation of an emergency in all the flight 
lanes; similarly, it has controls for carrying out 
tests with the hydrants, using only water to 
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check the system's response at any given 
moment, including also the necessary measur- 
ing instruments, switches and protection de- 
vices. 

25. A system in accordance with any one of the 
preceding claims, characterised by its opera- 
tion at any time, whether in a day- or night- 
time situation, or with poor visibility, due to its 
characteristics being adaptable to any aircraft 
configuration, as well as to any expansion 
there might be at any given time, the pre- 
viously fitted system being capable of being 
expanded according to any extension of the 
runways and taxiways which may be carried 
out. 

26. A system in accordance with any one of claims 
5 to 25, in which each beacon is fitted with a 
compressed air outlet for the removal of dust, 
snow or other grime which has been depos- 
ited, whose discharge is activated when the 
beacon is lit. 

27. A system in accordance with any one of claims 
5 to 26, characterised by the fact that: 0) for 
airports operating in very poor visibilities, in 
addition to infra-red sensing, some flight lane 
sensors incorporate a transmitter and detector 
of electromagnetic pulses, or else an ultrasonic 
active element, capable of detecting objects 
located inside the flight lane relating to aircraft 
or vehicles; (k) for airports with normal or aver- 
age visibility, the normal sensors not only pic- 
kup the aircraft located in the flight lane, but 
also the vehicles entering it; (1) there is the 
option of installing an interface capable of pro- 
cessing the signals originating from the surface 
radar which an airport may have installed, and 
introducing such signals into the computer 
which controls the surveillance, and with this 
data making an addition to the functions of the 
system; (m) there is the option that the sys- 
tems taxiing detectors may be simultaneously 
activated throughout, and the pick up of aircraft 
and other objects carried out simultaneously, 
although in this case incorporating means for 
discriminating aircraft from other objects, 
achieving the maintenance of the logical se- 
quence in the guidance of each aircraft in the 
zone of movement and parking of aircraft; and 
(n) there is the option of the water and extin- 
guishing agent pipes and pressurized storage 
tanks being divided up into independent mod- 
ules, and their discharge being achieved by 
means of the pressure of a compressed gas 
connected by regulating valves to the water 
and extinguishing agent storage tanks. 



Patentanspruche 

1. Automatisches Ubenwachungs- und Brandbe- 
kampfungssystem auf einem Flugplatz mit ei- 

s ner Start- und Landebahn, mit einer Anordnung 

von Warmefuhlern. die je zur Start- und Lande- 
bahn hin gerichtet und seitlich der Start- und 
Landebahn im wesentlichen entlang ihrer ge- 
samten Lange mit Abstand voneinander ange- 

10 ordnet sind, einschlieSlich Orten zwischen 

Kreuzungen der Start- und Landebahn mit je- 
der anderen Bahn, und einem in einer ersten 
Betrlebsart betreibbaren Rechner zum Empfan- 
gen von Signalen von den Fuhlern, um eine 

75 Bewegungsanzeige eines Flugzeugs bereitzu- 

stellen, wahrend es sich entlang der Start- und 
Landebahn an aufeinanderfolgenden Fuhlern 
vorbeibewegt, 

dadurch gekennzeichnet, 

20 dafl das System weiterhin eine Anordnung 

wahlweise betreibbarer Hydranten aufweist, die 
so angeordnet sind, daS jede Stelie entlang 
der Start- und Landebahn von Flussigkeit aus 
zumindest einem der Hydranten erreicht wer- 

25 den kann, der Rechner und die Fuhler als 

Antwort auf ein dem Rechner zugefuhrtes 
Steuersignal in einer zweiten Betriebsart be- 
treibbar sind, in der Fuhler zum Uberstreichen 
ihrer jeweiligen lokalen Bereiche veranlaSt wer- 

30 den, und der Rechner tatig ist, um die Aus- 

gangssignale benachbarter Fuhler zum Ermit- 
teln der Lage einer Warmequelle in irgendei- 
nem solchen Bereich zu kombinieren. und um 
Hydranten wahlweise zu aktivieren, die Feuer- 

35 loschflussigkeit am Ort der Warmequelle be- 

reitstellen konnen. 

2. System nach Anspruch 1. bei dem der Rech- 
ner auch in einer dritten Betriebsart betreibbar 

40 ist. um die Hydranten zu veranlassen. Feuer- 

loschflussigkeit auf die gesamte Oder ausge- 
wahlte Bereiche der Start- und Landebahn zu 
richten. 

45 3. System nach Anspruch 1 Oder 2, bei dem der 
Rechner in der zweiten Betriebsart aus den 
Ausgangssignalen der Fuhler auch Information 
uber die Flache jeder Warmequelle gewinnt. 

50 4. System nach einem der vorhergehenden An- 
spruche, das ferner zumindest einen Windge- 
schwindigkeitsmesser aufweist, der zum Lie- 
fern eines die Windgeschwindigkett in der 
Start- und Landebahn anzeigenden Windge- 

55 schwindigkeitssignals an einen Eingang des 

Rechners angeordnet ist, wobei der Rechner 
dafur eingerichtet ist, diese Wlndgeschwindig- 
keitsinformation mit den Fuhlerausgangssigna- 
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len zu verarbeiten. um die Richtung der Flus- 
sigkeit aus den Hydranten zu steuern. 

5. System nach einem der vorhergehenden An- 
sprUche, wobei der Rugplatz Roilbahnen und 
Parkfiachen hat, das ferner Ortsanzetger zum 
Feststellen der Position von Flugzeugen auf 
den Roilbahnen und Parkfiachen als Funktion 
von Bewegung und Bewegungsrichtung auf- 
weist, um dem genannten Rechner Positlons- 
ausgangssignale zu liefern, und Leitfeuer ent- 
lang der Roilbahnen aufweist, die in Abhangig- 
keit der Positionssignale vom Rechner ange- 
steuert werden. um den von einem Flugzeug 
zu folgenden Weg anzuzeigen. 

6. System nach Anspruch 5 mit Verkehrsampein, 
die mit den Leitfeuern verbunden und an ge- 
eigneten Stellen wie z. B. Rollbahnkreuzungen 
angeordnet sind. 

7. System nach einem der Anspriiche 1 bis 6, bei 
dem die Infrarotsensoren in zwei parallelen, 
beidseits und auBerhalb der oder jeder Start- 
und Landebahn gelegenen Reihen, und am 
Rand der Anflugbahnen langs dieser und vor- 
zugsweise eine angemessene Wegstrecke 
uber die Start- und Landebahngrenze hinaus 
angeordnet sind. 

8. System nach Anspruch 7, bei dem die 
Flugbahn-Sensoren miteinander verbunden 
sind und die Position des sich in solch einer 
Bahn befindenden Flugzeugs augenblicklich 
und fortwahrend derart ermlttein, daS sie im 
Normalbetrieb den entsprechenden Rechner 
mit den Daten von den in der Flugbahn vor- 
handenen Warmequellen versorgen und den 
vorgenannten Rechner in die Lage versetzen, 
die Position jeder Warmequelle, ob im Still- 
stand Oder in Bewegung, in Echtzeit auf der 
Anzeigetafel im Kontrollturm anzugeben, 

9. System nach Anspruch 7 oder 8, bei dem der 
Abstand zwischen je zwei aufeinanderfolgen- 
den Flugbahnsensoren jeder Reihe derart fest- 
gesetzt ist, daB er klein genug ist. um die 
Wegstrecke zwischen ihnen etwa gleich ihrer 
Horizontalprojektion sein zu lassen, und bei 
dem zwischen je zwei Paaren gegenuberlie- 
gender FGhleinrichtungen ein Erfassungsrecht- 
eck erzeugt ist, innerhalb dessen in einer Not- 
fallsituation die Warmequellen von den vier 
Ecksensoren genau erfaBt werden. die in der 
genannten Notfallsituation in Form einer fort- 
laufenden Abtastung arbeiten. derart, dafi das 
elektrische Signal der Infrarotsensoren die In- 
formation bezuglich Position und GroBe der 



verschiedenen Warmequellen enthalt und 
durch einen Analog/Digital- Wand ler zum Verar- 
t)eiten durch den vorgenannten Rechner ge- 
fuhrt wird, wobei die Sensoren an die der 
5 Flugbahn eigene, besondere Topographie an- 

gepaBt sind und Oberflachentelemetrie ermog- 
lichen. 

10. System nach einem der Anspruche 5 bis 9. 
70 dadurch gekennzeichnet, 

dafl die Rollbahn- und Parkflachen-Fuhleinrich- 
tungen auf dem gesamten Flugplatz alle indif- 
ferent sind und kein anderes Objekt als aus- 
schlieBlich Flugzeuge erfassen, so daB andere 

15 Objekte den Rechner nicht storen, der die 

Uberwachung und Leitung der Flugzeuge in 
ihren entsprechenden fortlaufenden Bewe- 
gungsabschnitten zwischen einem Anfangs- 
und Endpunkt bearbeitet. wobei unterschiedli- 

20 Che Arten von FGhleinrichtungen eingesetzt 

werden konnen, wie z. B. Gewichtserfassung; 
Erfassung durch Aussendung und Empfang 
von Ultraschall; Aussendung und Empfang von 
Licht; Infrarot: Laser; oder eine andere elektri- 

25 sche Oder magnetische Feldart, so daB nur die 

der Position des Flugzeugs entsprechende 
Fuhleinrichtung das entsprechende Signal zu 
dem Rechner zurucksendet. derart, daB beim 
Weiterrollen jedes Flugzeugs die aktivierte 

30 Fuhleinrichtung die vorhergehende Fuhleinrich- 

tung deaktiviert und die nachstfolgende Fuhl- 
einrichtung aktiviert, wobei letztere bereit 
bleibt das Flugzeug zu erfassen, wenn es vor 
ihr vorbeirollt, und bewirkt, daB die am Rech- 

35 ner ankommenden Signale der Fuhleinrichtung 

letztere erieuchten und die Leitfeuer eridschen 
lassen. 

11. System nach Anspruch 10, bei dem die ge- 
40 nannten Rollbahn- und Parkfiachen FGhlein- 
richtungen kein Hindernis fur Flugzeuge oder 
Servicefahrzeuge darstellen, sondern nur Flug- 
zeuge erfassen, und bei dem der Rechner, 
wahrend ihm die von den FGhleinrichtungen 

45 stammenden Signale zugefuhrt werden. Buch 

uber jede Fuhleinrichtung fuhrt, die ihr Signal 
sendet. wobei der Rechner den Weg jedes 
Flugzeugs zwischen seinem Anfangs- und 
Endpunkt speichert. was den Rechner veran- 

50 laBt, eine feste Anzahl von Leitfeuern vor je- 

dem Flugzeug aufleuchten zu lassen. derart. 
daB jedes Flugzeug vor sich bei Tag oder 
Nacht eine feste Anzahl erleuchteter Feuer hat, 
die entsprechend dem VorrOcken des Flug- 

55 zeugs umschalten. so daB der Pilot entlang 

des gesamten Rollwegs geleitet wird. derart. 
daB ein Minimalabstand zwischen Flugzeugen 
eingehalten wird. so daB im Falle zweier in 
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eine Kreuzung einlaufender Flugzeuge der 
Rechner die Leitfeuer fur eines der Flugzeuge 
wahrend der Zeitdauer btinken laBt, in der die 
Kreuzungsampel rot leuchtet, so da6 dieses 
Flugzeug sein VorrUcken bremsen mu6, und 5 
der Rechner das genannte Blinken beendet 
und die rote Am pel ausgeschaltet wird. so bald 
das andere Flugzeug die Kreuzung passiert 
hat, um dem Flugzeug zu gestatten, seinen 
Weg fortzusetzen. w 

12. System nach einem der AnsprQche 5 bis 11, 
bei dem die Anordnung der Flugbahn-Teleme- 
triesensoren und der Rollbahn-Fuhleinrichtun- 

gen so ist, daS ein Flugzeug, sobald es nicht is 
mehr von den ersteren uberwacht wird. es von 
den letzteren Qberwacht wird und umgekehrt. 

13. System nach einem der Anspruche 6 bis 12, 

bei dem die Ampein nur an den Kreuzungen 20 
von Rollbahnen in einer mit der Position der 
Fuhleinrichtungen in Bezug stehenden Position 
angeordnet und mit den genannten Fuhlein- 
richtungen. den Leitfeuern und dem Kontroll- 
pult verbunden sind, wobei die Ampein bei 25 
entgegengerichteten Rollwegen von Flugzeu- 
gen aktiviert werden, so da8 bei einem rollen- 
den Flugzeug, das zu der Parkflache zuruck- 
kehren muB, beispielsweise um irgendeinen 
Fehler zu melden, ein Controller die dem ge- 30 
nannten Flugzeug zugeteilte Wegstrecke 15- 
schen und auf einer Tastatur einen neuen 
Anfangs- und Endpunkt fur das genannte Flug- 
zeug eingeben kann. das bei seiner Riickkehr 
zuruckgeleitet wird. 35 

14. System nach einem der Anspruche 4 bis 13, 
bei dem die sich auf Windstarke und -richtung 
beziehende, von den Windgeschwindigkeits- 
messern erzeugte Information fortwahrend zum 40 
Kontrollpult und zu dem Rechner fur die Hy- 
dranten gesendet wird, so daB letzterer Be- 
rechnungen zum Ausrichten der verschiedenen 
Hydranten in Notfallsituatlonen ausfUhren kann. 

45 

15. System nach einem der vorhergehenden An- 
sprQche, bei dem die Hydranten in zwei oder 
mehr parallelen Reihen auf den Start- und Lan- 
debahnen in einer oder mehreren Reihen auf 
jeder Seite derselben, und innerhalb der Flug- so 
bahnen derart angeordnet sind, daB jeder der 
Hydranten von den ubrigen unabhSngig ist, nur 
durch den Rechner fur die Hydranten gesteu- 

ert wird und seine L5schflussigkeitsstrahlen in 
einer horizontalen Hin- und Herbewegung, de- 55 
ren Amplitude von der zu loschenden Warme- 
quelle abhMngt und mit einer fOr jede AuslaB- 
offnung verschiedenen Neigung ausstoBt, wo- 
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bei die Hydranten. trotz automatischen Be- 
triebs, deaktiviert sind. bis der Feuerrettungs- 
knopf vom Kontrollturm aus gedruckt wird, und 
in der Lage sind, die Start- und Landebahn bei 
Ankundigung der Ankunft eines sich in einer 
Notfallsituation befindenden Flugzeugs vorzu- 
bereiten oder in Betrieb zu treten. sobald das 
sich in Not befindende Flugzeug nicht mehr in 
Bewegung ist, wobei das System gesperrt 
bleibt. so lange das Flugzeug in Bewegung ist, 

16. System nach Anspruch 15, bei dem die Hy- 
dranten unterirdisch verankert und versenkt 
sind und von einer Metallabdeckung, beispiels- 
weise aus Stahl, in einer Ebene mit dem um- 
gebenden Gelande abgedeckt sind und kein 
Hindernis darstellen, falls ein Flugzeug beim 
Verlassen der Start- und Landebahn uber die 
Oberseite der genannten Abdeckung fahrt, und 
bei aufgrund einer Flugzeugnotsituation akti- 
vierter Hydranten die Hydrantenkanonen, die 
Stahlabdeckung anhebend, hochgefahren wer- 
den, wobei die Hydranten mit drei Freiheitsgra- 
den in der Lage sind, horizontal um 360* zu 
drehen. um sich jedes Notfalls anzunehmen. 

17. System nach einem der vorhergehenden An- 
spruche, bei dem die Hydranten an bestimm- 
ten Punkten der Flugbahn und ihrer Enden 
entsprechend den Anforderungen des Flugplat- 
zes sowohl gemaB der vorhergehenden Art 
bewegbar als auch vom feststehenden Typ mit 
Mehrfachrohren sind. 

18. System nach Anspruch 15, bei dem die Hy- 
dranten an Stellen angeordnet sind, die der 
Kreuzungsform der verschiedenen Flugbahnen 
angepaBt sind. 

19. System nach einem der Anspruche 4 bis 18, 
bei dem der Rechner fur die Hydranten nur 
eingreift, wenn eine Notfallsituation auftritt und 
unter normalen Bedingungen nicht aktiv ist, 
und bei Notfallen und einer Aktivierung des 
Systems vom Kontrollturm aus fortwahrende 
Berechnungen der Hydranten-Ausloseparame- 
ter durch Verfolgen der von den FUhleinrich- 
tungen der Flugbahn und den Windgeschwin- 
digkeitsmessern stammenden kontinuierlichen 
Information durchfuhrt. 

20. System nach Anspruch 19. bei dem fur jede 
Flugbahn zumindest ein Rechner fur Hydran- 
ten vorgesehen ist und die genannten Rechner 
miteinander verbunden sind. 

21. System nach Anspruch 19 Oder 20, bei dem 
die Hydranten nach vorheriger Ankundigung 
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eines sich in einer Notfallsituation befindenden 
Flugzeugs die gesamte Start- und Landebahn 
bespruhen oder gezielt das gestoppte Flug- 
zeug Oder seine Abschnitte bearbeiten konnen. 

5 

22. System nach einem der Anspruche 4 bis 21, 
bei dem der Rechner fur die Flugbahn Daten 
von alien Fuhleinrichtungen und Windge- 
schwindigkeitsmessern empfangt und diese 
benutzt, urn Berechnungen von Flugzeugposi- w 
tionen und der Lage und GroSe der verschie- 
denen, bereits vorhandenen Oder sich nach 

und nach entwickelnden Brandzonen durchzu- 
fuhren, wobei diese letzten Daten an die Rech- 
ner fQr die Hydranten Qbertragen werden, und 75 
Informationen sowohl bezuglich tagtaglicher 
Gefahren als auch bezUgllch normaler Bewe- 
gungen abspeichert. 

23. System nach einem der AnsprUche 5 bis 22, 20 
bei dem im Kontrollturm eine Haupttafel mit 

der Darstellung und Kennung der Flugzeuge in 
den Flugbahnen und in den Rollbahnen vor- 
handen ist, wobei die genannte Darstellung 
eine besondere Form fUr beschSdigte Flugzeu- 25 
ge aufweist, und wobei Warmequellen in einer 
Notfallsituation ebenfalls erscheinen und die 
Rechneranlage den entsprechenden Alarm er- 
zeugt. entweder fur Beschadigungen oder fur. 
Notfalle. 30 

24. System nach Anspruch 23, bei dem das Kon- 
trollpult mit Beschadigungs- und Notfallalarm- 
signalen, einer dauernden Anzeige der Daten 

von den Windgeschwindigkeitsmessern, Wahl- 35 
organen fur Rollbahnwege mittels einer Daten- 
eingabetastatur, Organen zur Wahl von Flug- 
bahnen und Startrichtung auf letzterer, und mit 
Brandbekampfungsaktivierungsorganen verse- 
hen ist, in Erwartung eines Notfalls in alien 40 
Flugbahnen; gleichermaBen weist es Bedie- 
nungsorgane zum DurchfCihren von Hydranten- 
tests und auch die notwendigen MeBinstru- 
mente, Schalter und Schutzvorrichtungen auf, 
wobei zum Prufen der Reaktion des Systems 45 
zu jedem beliebigen Zeitpunkt nur Wasser ein- 
gesetzt wird. 

25. System nach einem der vorhergehenden An- 
spruche. 50 
gekennzeichnet durch 

seinen Betrieb zu jeder Zeit, ob bei Tag oder 
bei Nacht oder bei schlechter Sicht, welches 
aufgrund seiner Eigenschaften sowohl an jede 
Rugzeugkonfiguration als auch an jede zu je- 55 
dem gegebenen Zeitpunkt mogliche Erwelte- 
rung anpaBbar ist. wobei das vorher installierte 
System entsprechend jeder Verlangerung der 



Start- und Landebahnen und Rollbahnen. die 
moglicherweise ausgefuhrt wird, erweiterbar 
ist. 

26. System nach einem der AnsprOche 5 bis 25, 
bei dem jedes Feuer mit einem DnjckluftauslaS 
zur Entfernung von Staub. Schnee oder ande- 
rem Schmutz. der abgelagert worden ist, ver- 
sehen ist. dessen Ausstromen aktiviert wird, 
wenn das Feuer aufleuchtet. 

27. System nach einem der AnsprOche 5 bis 26, 
dadurch gekennzeichnet, 

daB: (j) fur Flugplatze, die bei sehr schlechter 
Sicht betrieben werden, einige FlugbahnfOhl- 
einrichtungen zusatzlich zu Infrarotsensoren ei- 
nen Sender und Empfanger elektromagneti- 
scher Impulse oder ein aktives Ultraschallele- 
ment zum Erfassen von innerhalb der Flug- 
bahn befindlichen Gegenstanden In Bezug auf 
Flugzeuge oder Fahrzeuge aufweisen; (k) bei 
Flugplatzen mit normaler oder durchschnittll- 
cher Sicht die normalen Fuhleinrichtungen 
nicht nur das sich in der Flugbahn befindende 
Flugzeug, sondern auch in diese einfahrende 
Fahrzeuge erfassen; (1) die Wahl besteht. ein 
Interface zu installieren, welches in der Lage 
ist, die von einem Oberflachenradar stammen- 
den Signale zu verarbeiten, welches ein Flug- 
platz instaiiiert haben kann, und diese Signale 
dem Rechner zuzufuhren, der die Oberwa- 
chung steuert, und mit diesen Daten eine 
Funktionserweiterung des Systems vorzuneh- 
men; (m) die Wahl besteht, daB die Rollbahn- 
fuhleinrichtungen des Systems gleichzeitig ins- 
gesamt aktiviert werden konnen und das Erfas- 
sen von Flugzeugen und anderen Gegenstan- 
den gleichzeitig durchgefuhrt wird, in diesem 
Fall allerdings Mittel zur Unterscheidung von 
Flugzeugen gegenuber anderen Gegenstanden 
einschlieflend, wodurch der Erhalt der logi- 
schen Reihenfolge beim Leiten jedes Flug- 
zeugs im Park- und Bewegungsbereich von 
Flugzeugen erreicht wird; und (n) die Wahl 
besteht, die Wasser- und Ldschmittelrohre und 
Druckspeichertanks in unabhangige Module 
aufzuteilen, wobei ihr Ausstromen mittels des 
Drucks eines komprimierten Gases erreicht 
wird, das uber Regelventile mit den Wasser- 
und Loschmittelspeichertanks verbunden ist. 

Revendications 

1. Dispositif automatique de surveillance et de 
lutte centre Tincendie dans un a^roport com- 
portant une bande am^nag^e, constitue par un 
r^seau de d^tecteurs de chaleur, dont chacun 
est orient^ vers la bande amSnag^e. et places 
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de faQon espac^e sur les c6t6s de la bande 
amenagee sensiblement sur toute sa longueur, 
y compris en des emplacements entre les 
intersections de la bande amenagee avec une 
autre piste, et un ordinateur qui peut fonction- 
ner dans un premier mode pour recevoir des 
signaux ^mis par les capteurs afin de fournir 
une indication du mouvement d'un avion qui 
se deplace le long de la bande amenagee en 
passant devant les capteurs successifs. carac- 
terise en ce que le dispositif comporte en 
outre un reseau de bouches d'incendie, qui 
peuvent fonctionner de fagon selective, dispo- 
sees de telle sorte que Ton puisse atteindre 
n'importe quelle position le long de la bande 
amenagee avec du fluide en provenance de 
Tune des bouches au moins ; I'ordlnateur et 
les capteurs sont aptes k fonctionner dans un 
deuxieme mode en reponse k un signal de 
commande appliqu^ h I'ordinateur, mode dans 
lequel on fait balayer par les capteurs la region 
locale qui leur correspond, et I'ordinateur agit 
pour combiner les sorties des capteurs adja- 
cents, afin de detecter la position de toute 
source de chaleur dans n'importe laquelle de 
ces regions, et activer de faQon selective les 
bouches capables d'envoyer un fluide extinc- 
teur d'incendie a Templacement de la source 
de chaleur. 

2. Dispositif suivant la revendication 1, dans le- 
quel I'ordinateur peut aussi fonctionner dans 
un troisifeme mode pour amener les bouches 
d'incendie k diriger le fluide extincteur d'inden- 
cie sur toute la bande amenagee ou sur des 
zones choisies de celle-ci. 

3. Dispositif suivant la revendication 1 ou 2. dans 
lequel, dans le deuxifeme mode, I'ordinateur 
d^duit aussi des sorties des capteurs une in- 
formation sur I'etendue de chaque source de 
chaleur. 

4. Dispositif suivant i'une quelconque des pr^ce- 
dentes revendication s, comportant en outre au 
moins un detecteur de la vitesse du vent place 
pour fournir un signal de vitesse de vent indi- 
cateur de la velocite du vent dans la bande 
amenagee k une borne d'entree de Tordina- 
teur, et I'ordinateur est prevu pour trailer cette 
information de vitesse du vent avec les si- 
gnaux de sortie des capteurs de fagon k com- 
mander la direction du fluide emis par les 
bouches d'incendie. 

5. Dispositif suivant Tune quelconque des pr^c§- 
dentes revendications. dans lequel I'a^roport 
comporte des voies de circulation et des aires 



de stationnement. qui a en outre des detec- 
teur s de position pour detecter la position d'un 
avion sur les voies de circulation et sur les 
aires de stationnement en fonction du trajet et 

5 de la direction de trajet, pour fournir en sortie 

des signaux de position audit ordinateur, et 
des balises de guidage le long des voies de 
circulation commandoes par I'ordinateur en re- 
ponse aux signaux de position afin d'indiquer k 

10 Tavion le trajet k suivre. 

6. Dispositif suivant la revendication 5, compor- 
tant des signaux lumineux de circulation relics 
aux balises de guidage et places en des en- 

75 droits appropries tels que les intersections de 

voies de circulation. 

7. Dispositif suivant I'une quelconque des reven- 
dications 1 k 6, dans lequel des capteurs infra- 

20 rouges sont agenc§s en deux rangOes parall§- 

les situees k I'exterieur de la piste, ou de 
chacune d'elle, sur les deux cotes de celle-ci, 
et au pOrim^tre de la bande amenagee. le long 
de celle-ci et de preference jusqu'^ une dis- 

25 tance appropriOe au-del^ du seuil de la piste. 

8. Dispositif suivant la revendication 7, dans le- 
quel les capteurs de la bande amenagee sont 
inter-relies et determinent la position de I'avion 

30 p\ac6 sur une telle piste de fagon instantanOe 

et continue, de telle maniere qu*en fonctionne- 
ment normal ils fournissent k I'ordinateur cor- 
respondant les donnees en provenance des 
sources de chaleur presentes sur la bande 

35 amenagee et permettent k I'ordinateur ci-des- 

sus mentionne de definir la position de chaque 
source de chaleur, qu'elle soit au repos ou en 
mouvement, en temps reel au tableau de la 
tour de controle. 

40 

9. Dispositif suivant la revendication 7 ou 8, dans 
lequel on definit I'espacement entre deux cap- 
teurs de la bande amenagee consecutifs sur 
chaque rangee suffisamment petit pour que la 

45 distance entre eux soit sensiblement Ogale k 

leur projection horizontale, et on definit un rec- 
tangle de detection entre chacune des deux 
paires de dOtecteurs se faisant face k Tinte- 
rieur duquel, dans une situation d'urgence, les 

50 sources de chaleur sont detectOes avec preci- 

sion par les quatre dOtecteurs d'angle qui fonc- 
tionnent dans ladite situation d'urgence sous 
forme d'un balayage continu. de telle sorte que 
le signal Olectrique §mis par les dOtecteurs 

55 infrarouges contient information concernant la 

position et la taille des diffOrentes sources de 
chaleur. et est envoyO via un convertisseur 
analogique/numOrique k I'ordinateur prdcitO 

22 
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pour qu'tl le traite, les capteurs §tant adapts s h 
la topographie particuliere propre h la bande 
amenagde concem^e, permettant une tilime- 
trie de surface. 

5 

10. Dispositif suivant Tune quelconque des reven- 
dications 5^9. caracterise par te fait que les 
d^tecteurs pour les voies de circulation et les 
aires de stattonnement sont tous neutres par* 

tout dans I'a^roport. ne sont sensibles k aucun w 
autre objet qu'exclusivement un avion, de telle 
sorte que d'autres objets ne peuvent pas inter- 
fdrer avec Tordinateur qui surveilte et guide les 
avions en continu dans leurs sequences res- 
pectives de trajet entre un point initial et un is 
point final, et Ton peut utiliser differents types 
de detecteurs, sensibles au poids, fonctionnant 
par transmission et reception d'ultrasons. tran- 
smission et reception de lumifere, d'lnfrarou- 
ges, au laser, ou tout autre type ^ champ 20 
magnetique ou electrique, de telle sorte que 
seul le detecteur qui correspond a la position 
de I'avion renvoie un signal correspondant h 
I'ordinateur. et cela de telle fagon que, lorsque 
I'avion se d^ptace sur la vote de circulation, le 25 
detecteur active desactive le detecteur qui le 
precede et active celui qui le suit, ce dernier 
etant pret k detecter Tavion lorsqu'il passera 
en face de lui, amenant les signaux de detec- 
teurs qui arrivent k Tordinateur k d^clencher 30 
celui-ci pour eclairer et eteindre les balises de 
guidage. 

11. Dispositif suivant la revendication 10. dans le- 

quel lesdits detecteurs des voies de circulation 35 
et des aires de stationnement ne constituent 
pas un obstacle pour un avion ni pour les 
vehicules de service, mais servent seulement 
h suivre I'avion, et I'ordinateur. alimente par les 
signaux ^mis par ces detecteurs, garde en 40 
compte chaque detecteur qui envoie un signal, 
memorise la route de chaque avion entre son 
point de depart et son point d*arrivee, ce qui 
I'am^ne k allumer les balises de guidage en 
face de chaque avion suivant un nombre fixe 45 
de balises, de telle sorte que chaque avion a 
en face de lui un nombre fixe de balises allu- 
mees, qu*il fasse jour ou nuit. balises qui vont 
changer au fur et ^ mesure de la progression 
de Tavion, le pilote etant guide sur tout le so 
chemin de la voie de circulation, et de telle 
sorte que soit maintenue une distance mini ma- 
le entre avions. si bien que si deux avions 
arrivent k une intersection, Tordinateur fait cli- 
gnoter de fagon intermittente les balises de 55 
guidage de I'un des avions alors qu*en m§me 
temps le feu au niveau du croisement reste au 
rouge ce qui oblige cet avion k s'arreter, et 



apr§s que Tautre avion a traverse I'intersection 
Tordinateur annule le clignotement intermettent 
pr§cit§, annule le feu rouge au niveau de in- 
tersection, pour autortser I'avion k pour suivre 
sa route. 

12. Dispositif suivant Tune quelconque des reven- 
dications 5^11, dans lequel la disposition des 
capteurs t^lemetriques de la bande amenagee 
et des detecteurs de la voie de circulation est 
telle qu*apres que I'avion a cesse d'etre sur- 
veille par les premiers, il va etre surveilie par 
les seconds et vice versa. 

13. Dispositif suivant I'une quelconque des reven- 
dications 6 ^ 12, dans lequel les feux de 
circulation sont situes uniquement aux inter- 
sections des voies de circulation, dans une 
position reliee k celte des detecteurs et sont 
relics auxdits detecteurs, aux balises de guida- 
ge et k la console de commande. les feux de 
circulation etant actionnes dans le cas ou il y a 
des routes opposees pour la circulation de 
I'avion. et de telle sorte que, si un avion dans 
tes voies de circulation doit retourner sur I'aire 
de stationnement, par exemple pour reporter 
une quelconque defaillance. un controleur peut 
annuler la route qui avait ete allouee audit 
avion et enti-er dans un clavier de nouveaux 
points initial et final pour ledit avion qui sera 
guide sur son trajet de retour. 

14. Dispositif suivant Tune quelconque des reven- 
dications 4 3i 13. dans lequel I'information emi- 
se par les anemom^tres concernant la direc- 
tion et la force du vent est envoy§e en continu 
k la console de commande et k Tordinateur 
des bouches d'incendie. de telle sorte que ce 
dernier peut effectuer les calculs pour diriger 
I 'orientation des bouches diff^ rentes dans des 
situations d'urgence. 

15. Dispositif suivant I'une quelconque des prece- 
dentes revendication s, dans lequel les bouches 
d'incendie sont dispos^es en deux rang^es 
parall^les aux pistes, ou davantage. une ou 
plus de chaque cdi6 de celles-ci, et k Tint^- 
rieur des bandes am^nagees. de telle sorte 
que chaque bouche soit independante des au- 
tres, uniquement commandee par I'ordinateur 
des bouches et envoie ses jets de liquide 
extincteur avec un mouvement horizontal de 
va-et-vient dont Tamplitude depend de la sour- 
ce de chaleur k Eteindre, et ce, avec une 
hauteur differente pour chaque Emission, les 
bouches etant desactiv^es. bien qu'automati- 
ques dans leur fonctionnement, k moins que te 
bouton de commande d 'intervention centre le 
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feu ne soit press^ par la tour de contrdie de 
Taeroport, ^tant capable d'agir pour preparer la 
piste h I'annonce de I'arrivde d'un avion en 
etat de d^tresse ou entrant en fonctionnement 
una fois que I'avton en detresse est immobile, 
le dispositif etant verrouille tant que Tavion se 
deplace. 

16. Dispositif suivant la revendication 15, dans le- 
quel les bouches d'incendie sont fix^es au sol 
et enterrees, recouvertes d*un couvercle en 
metal tel que de I'acier, se fondent avec le 
terrain environnant sans constituer quelque 
obstacle que ce soit dans le cas ou un avion 
passe sur le sommet dudit couvercle au mo- 
ment de quitter la piste, et dans le cas ou les 
bouches sont activees k cause d'un avion en 
d§tresse, le canon de la bouche est souleve en 
soulevant le couvercle en acier ; les bouches 
ont trots degr^s de liberty et peuvent tourner 
horizontalement suivant 360 • pour parer a tou- 
te situation d'urgence. 

17. Dispositif suivant Tune quelconque des prece- 
dentes revendications, dans lequel les bouches 
d'incendie sont mobiles, du type precedent, 
ainsi que du type fixe avec tuyaux multiples, 
suivant les exigences de I'aeroport. en certains 
points de la bande amenagee et en ses extre- 
mit§s. 

18. Dispositif suivant la revendication 15. dans te- 
quel les bouches d'incendie sont situees en 
des endroits appropries h la forme des inter- 
sections des differentes bandes am^nagees. 

19. Dispositif suivant Tune quelconque des reven- 
dications 4 §1 18, dans lequel Tordinateur des 
bouches intervient uniquement dans le cas ou 
se declare une situation d'urgence, ^tant inactif 
en conditions normales. et effectue des calculs 
en continu des param§tres de declenchement 
des bouches, en prenant en compte Tinforma- 
tion continue emise par les detecteurs des 
bandes am^nag^es et les anemom§tres en 
prevision d'une urgence et d'une activation du 
dispositif par la tour de contrdie. 

20. Dispositif suivant la revendication 19, dans le- 
quel au moins un ordinateur de bouche est 
pr^vu pour chaque bande am^nag^e. et lesdits 
ordinateurs sont interconnect^s. 

21. Dispositif suivant les revendications 19 ou 20. 
dans lequel les bouches dMncendie peuvent 
arroser I'int^gralite de la piste ^ Tannonce d'un 
avion en situation de detresse. ou op^rer de 
fagon precise sur Tavion arr§te ou sur des 



parties de celui-ci. 

22. Dispositif suivant Tune quelconque des reven- 
dications 4 a 21, dans lequel I'ordinateur de 

5 bandes amenagees regoit des donnees de 

tous les detecteurs et anemom^tres. en les 
utilisant pour mener k bien les calculs des 
positions d'avton. et la position et la tailte des 
zones differentes de feu qui existent dej^ ou 

70 qui peuvent se d^velopper ensuite, transmet- 

tant ces dernieres donnees aux ordinateurs de 
bouches, et memorise une information se rap- 
portant aux incidents jour aprfes jour ainsi 
qu'aux mouvements normaux. 

75 

23. Dispositif suivant Tune quelconque des reven- 
dications 5 a 22, dans lequel la tour de contrd- 
ie dispose d'un panneau principal avec la re- 
presentation et ridentification des avions dans 

20 les bandes amenagees et dans les voies de 

circulation, ladite representation prenant une 
forme speciale pour un avion en situation d'in- 
fraction. les sources de chaleur apparaissant 
aussi dans une situation d'urgence, Tordinateur 

25 produisant une alarme correspondante que ce 

soit pour les infractions ou pour les urgences. 

24. Dispositif suivant la revendication 23, dans le- 
quel la console de controle est munie de si- 

30 gnaux d'alarme pour infraction et pour urgen- 

ce, d'une visualisation constante des donnees 
en provenance des an§mom§tres, de comman- 
dos de selection pour les voies de circulation 
au moyen d'un clavier d'entrees de donnees, 

35 de commandes pour le choix des pistes d'en- 

vol et de la direction de decollage sur celles-ci, 
et des commandes d'activation de la lutte 
centre I'incendie, en prevision d'une urgence 
dans toutes les bandes amenagees ; de 

40 m§me, elle a des commandes pour conduire 

des essais avec les bouches, utilisant seule- 
ment de I'eau pour verifier la r^ponse du dis- 
positif h tout moment, comportant aussi les 
instruments necessaires aux mesures, des in- 

45 terrupteurs et des dispositifs de protection. 

25. Dispositif suivant Tune quelconque des pr^ce- 
dentes revendications, caracterise par le fait 
qu'il fonctionne h tout moment, jour et nuit. en 

50 faible visibilite. qu'il est adaptable, dO h ses 

caracteristiques, h n'importe quelle configura- 
tion d'avion. et aussi k quelque extension qui 
puisse se produire k n'importe quel moment, 
le dispositif pr^c^demment install^ ^tant capa- 

55 ble d'etre agrandi en fonction de toute exten- 

sion des pistes et des voies de circulation qui 
puisse §tre r^alis^es. 



24 



47 EP 0 209 397 B1 48 



26. Dispositif suivant Tune quelconque des reven- 
dications 5 h 25, dans lequel chaque balise est 
munie d'une sortie d'air comprime pour retirer 
la poussi^re, la neige ou toute autre salissure 

qui a et6 deposee, dont remission est activee 5 
lorsque la batise est allumee. 

27. Dispositif suivant I'une quelconque des reven- 
dications 5 ^ 26, caracterise par le fait que : 

j) dans le cas d'aeroports qui fonctionnent io 
avec une visibilite tr§s faible, certains d^tec- 
teurs de la bande amenag^e, outre la de- 
tection par infrarouge, comportent un 
^metteur-detecteur d'impulsions electroma- 
gnetiques, ou bien un §l4ment sensible aux is 
ultrasons, capable de detector des objets 
places sur la bande amenagee se rappor- 
tant h un avion ou ^ des v^hicules, 
k) pour des aeroports avec une visibilite 
moyenne ou normale. les detecteurs nor- 20 
maux rep^rent non seulement Tavion situe 
dans la bande amenagee mats aussi les 
v§hicules qui y p6n6trent. 
t) il y a la possibilite d*installer une interface 
capable de traiter les signaux en provenan- 25 
ce du radar de surface que Taeroport peut 
avoir installe. et d'introduire de tels signaux 
dans I'ordinateur qui commande ta surveil- 
lance, et d*ajouter, avec ces donnees, aux 
fonctions du dispositif, 30 
m) en option, il est possible que les detec- 
teurs des voies de circulation du dispositif 
soient tous actionnes en meme temps et 
que Ton effectue en meme temps la detec- 
tion d*un avion et d'autres objets, avec dans 35 
ce cas des moyens pour faire la distinction 
entre un avion et les autres objets, tout en 
maintenant la sequence logique dans le gui- 
dage de chaque avion dans sa zone de 
d^placement et de stationnement. 40 
(n) en option, les tuyaux d'agent d'extinction 
et d'eau et les reservoirs de stockage pres- 
surises peuvent §tre separes en modules 
independants, et on peut obtenir leur emis- 
sion au moyen de la pression d'un gaz 45 
comprime relie par des valves de regulation 
aux reservoirs de stockage d'eau et de li- 
quide extincteur. 
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